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ABSTRACT
Consumption of nutrients-rich foods like diverse vegetables, eggs, and meat
throughout a year remains a challenge in low- and middle-income countries due to poor
availability, accessibility, and affordability. One important way to overcome the
challenge is to promote households’ own production of these foods and encourage
individuals to consume. Improving household production of the foods necessitates
understanding whether active participation and performance of frontline workers in the
communities and performing improved production-related practices can translate into
improved production of nutrients-rich foods. This study had two specific aims. The first
aim was to examine demographic, socio-economic, and programmatic determinants of
active participation and performance of village model farmers (VMFs), the frontline
workers in the HFP program. The second aim was to investigate whether improved
gardening and poultry-raising practices promoted in the communities were associated
with improved household vegetable and poultry production.
To achieve these aims, two separate cross-sectional Suaahara-II, a multi-sectoral
nutrition program, datasets were used. Information was collected from among 4,750
VMFs and 3,635 households from Suaahara-II. The active participation and performance
of VMFs was defined as summed score of the number of four activities that they
performed: registered their HFP group with the local government, conducted regular
group meetings, discussed vegetable growing and chicken rearing practices with group
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members, or engaged in saving and credit activities in their HFP group. Improved
gardening and poultry-raising practices scores were created by summing improved
gardening and poultry-raising activities practiced by the households. Vegetable
production was assessed using: (i) vegetable production diversity score (0 to 5),
generated by categorizing 35 vegetables produced into 5 groups and summing them:
dark-green leafy vegetables, other vitamin A-rich vegetables, beans and pulses, roots and
tubers, and other vegetables, and (ii) quantity produced (kg). Poultry production was
assessed by counting the number of chickens and eggs produced in the households in the
last month. Potential socio-economic and demographic determinants were identified a
priori and adjusted for clustering. Ordinal regression models were used to examine the
association between the potential determinants and active participation of the VMFs.
Linear mixed-effects and left-censored regression models were used to examine the
associations between the practices and production.
Higher levels of education, being a female community health volunteer, being
from an upper caste household, and having received more additional trainings and inputs
were associated with more active participation among the VMFs retained in the HFP
program. Vegetable production diversity and quantity, egg, and chicken production were
greater for those households performing a greater number of improved gardening and
poultry raising practices, respectively. When designing large-scale nutrition-sensitive
agriculture programs, providing trainings, but also inputs to the farming households to
support their adoption of these improved practices will be critical for ensuring increased
and more diverse household production of nutrients-rich foods.
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CHAPTER 1
INTRODUCTION
Malnutrition is a significant global health challenge. Low- and middle-income
countries are grappling with the triple burden of malnutrition: increasing rates of
overweight and obesity alongside persistent rates of undernutrition reflected by stunting
(low height for age), wasting (low weight for height), underweight (low weight for age),
anemia (hemoglobin concentration < 120 g/l (for non-pregnant women and children
above 12 years of age) and < 110 g/l (for pregnant women and children 6 to 59 months of
age) at sea level), and vitamin and mineral deficiencies among children under 5 years of
age and women (Dietz, 2017; Prentice, 2018; Tzioumis, Kay, Bentley, & Adair, 2016;
WHO, 2010, 2011).
Poor diet, defined as a low intake of nutrient-rich foods such as meat, fish, eggs,
fruits, and vegetables but high intake of highly processed foods (Troesch et al., 2015), is
an important cause for the afore-mentioned health problems. Nutrition transition from
high-fiber traditional diets with minimal processing to modern diets that are highly
processed and rich in red meat, sugar, salt, and cholesterol has also contributed to the
poor diets (Popkin, Adair, & Ng, 2012). In addition, with globalization, urbanization, and
trade liberalization, food systems (defined as all elements and activities that relate to
production, processing, distribution, preparation, and consumption of food) are changing,
playing an important role in what people eat (Walter Willett et al., 2019). Low
consumption of nutrient-rich foods, important source of proteins, vitamins and minerals
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required to remain healthy (Slavin & Lloyd, 2012), can be attributed to low accessibility,
affordability, convenience, consumption behaviors, and lack of knowledge of the
importance of such foods, availability, prices, markets, and food policies (Appleton et
al., 2016; Bodor, Rose, Farley, Swalm, & Scott, 2008; Miller et al., 2016b; Turner et al.,
2018b).
Availability, accessibility, and affordability of fruits and vegetables, meat, and
eggs is challenging, especially where market connections and infrastructure are limited,
and households lack motivation for production (Miller et al., 2016b). Lack of markets in
rural settings leave people with no option for purchasing nutrient-rich foods. If markets
are present, they mainly sell staple foods (such as rice, wheat, and potatoes), oils, sugar,
salt, and spices/condiments that people want to buy frequently. In addition, nutrient-rich
foods are expensive causing 1.9 billion people in Asia and 965 million people in Africa
being unable to afford such foods (FAO, IFAD, UNICEF, WFP, & WHO, 2020). For
example, in Asia, dark green leafy vegetables are 5-9 times more expensive (in terms of
per unit of energy) than staple cereals (D. D. Headey & Alderman, 2019). Even the most
affordable diet proposed by the EAT-Lancet commission (Walter Willett et al., 2019)
cost about US$3 per day in 2011, of which the largest share was the cost of fruits and
vegetables (31%) (Hirvonen, Bai, Headey, & Masters, 2020). A recent report showed that
a healthy diet (defined as a diet adequate in calories and nutrients, and includes foods
from several different food groups) cost 60% more than diets that only meet the
requirements for essential nutrients and almost 5 times as much as diets providing
adequate calories only (usually met through a starchy staple) (FAO et al., 2020). In
Nepal, the cost of an optimal diet that includes nutrient-rich foods is high (Akhter et al.,
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2018; Biehl et al., 2016). High costs, lower income, and lack of nutritional assistance
hinder the purchase of nutrient-rich foods by poor and disadvantaged people (Hirvonen et
al., 2020). In addition, during and after emergencies like the current COVID-19 pandemic
has resulted in increased prices of commodities including nutrient-rich foods (Singh,
Nourozi, Acharya, & Thapa, 2020).
One of the ways to deal with the issues of availability, affordability, and
accessibility where markets cannot function well is to promote household production, a
well-documented nutrition-sensitive agriculture intervention (Marie T Ruel & Alderman,
2013; Marie T. Ruel, Quisumbing, & Balagamwala, 2018). Household production of
nutrients-rich foods can be important to reduce malnutrition (both under-nutrition and
overweight/obesity) because the likelihood of consumption of nutrient-rich foods
increases if households produce these foods (P. Mulmi & Masters, 2017). Promotion of
homestead food production of nutrients-rich vegetables, fruits, and small livestock can
improve dietary quality of foods (Dulal, Mundy, Sawal, Rana, & Cunningham, 2017;
Verbowski et al., 2018), household food security (Talukder et al., 2010), hemoglobin
levels (Kennedy, Kadiyala, Daniel, Poole, & Olney, 2017), and reduced stunting among
children (Talukder et al., 2010). In addition, household production by smallholder
farmers (usually practice subsistence farming and sometimes with a mixture of cash
crops) contributes about 28-31% of total crop production and 30-34% of food supply in
the world (Ricciardi, Ramankutty, Mehrabi, Jarvis, & Chookolingo, 2018). Furthermore,
household production among small-holder farmers is crucial for those who cannot afford
the cost of nutrients-rich foods or where markets or shops are inaccessible (Biehl et al.,
2016; Hirvonen et al., 2020).
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In Nepal, household food production has been promoted by Suaahara, a multisectoral integrated nutrition program, to encourage consumption of nutrient-rich foods
and to improve household food security and nutritional outcomes among children and
mothers. Suaahara’s homestead food production (HFP) program consists of collaborated
efforts with local farmers and community organizations to establish Village Model
Farmers (VMFs), also referred to as frontline workers, and provide them with hands-on
training in nutrition-sensitive agricultural practices. VMFs, once trained, become
community-level extension workers or change agents and promote garden to plate
(agriculture to nutrition) activities among households in their communities. VMFs
provide agricultural inputs and information to households and teach through
demonstration so that the households can increase and diversify their production to
ensure availability of nutrient-rich foods throughout the year. Women were primarily
selected as the VMFs because in addition to own consumption and market linkages,
women’s empowerment has been identified as a primary pathway for agriculture to
improve nutrition (Stuart Gillespie, Harris, & Kadiyala, 2012; D. Headey, Chiu, &
Kadiyala, 2012). Also, in Nepal women provide most of the labor force for agricultural
production in addition to their traditional household chores (FAO, 2019; Food and
Agriculture Organization, 2011). In addition to the community level VMFs, household
level beneficiaries receive a 2-day basic HFP training, distribution of 3 packets of
seasonal seeds during the year immediately following the basic HFP training, distribution
of 5 chicks, and linkage with a VMF for further inputs.
One way to improve household production is to improve production-related
practices and understanding the socio-demographic determinants of active engagement of
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village model farmers in the communities. In addition, understanding vegetable and
poultry production and related practices is a crucial step in achieving improved nutrition
and food security outcomes. Government of Nepal has also identified the need for
improved agricultural practices and animal husbandry practices to achieve higher
productivity and household food security (Ministry of Agricultural Development, 2014).
A dearth of evidence exists, however, on whether improvements in production-related
practices translate into greater household production of nutrient-rich foods among people
in communities. Moreover, little is known about what and how different demographic
and socio-economic characteristics influence active engagement of VMFs in improving
production of nutrients-rich foods. Production-related practices along with trainings,
inputs, and awareness-creation activities are important to promote improved food
production diversity and consumption choices (Bernet et al., 2018; Marie T. Ruel et al.,
2018). VMFs’ active engagement and promotion of production-related practices might be
a window of opportunity for nutrition-sensitive agriculture interventions to foster
production of vegetables, eggs, and chicken in sustainable way.
1.1 Research goal and aims
The goal of this study is to improve our understanding about socio-economic
determinants of village model farmers and production-related practices promoted by HFP
program to improve vegetable and poultry production in disadvantaged communities of
Nepal. The specific aims of the research are:
Specific Aim 1: To test the determinants of village model farmers’ (VMFs) engagement
in the HFP program several years after being selected as VMFs.
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Research Question: What is the association between socio-economic and
demographic characteristics of VMFs and working actively in the HFP program
after several years of being selected as VMFs?
Specific Aim 2: To estimate the association between gardening and poultry-raising
practices and vegetables and poultry production among households in Nepal.
Research Question: What is the association between improved gardening and
poultry-raising practices and vegetable and poultry (chicken and egg) production,
respectively among the households in Nepal?
1.2 Overview
This dissertation research has been organized in five chapters. Chapter 2 includes
background on poor nutrition due to low consumption of nutrients-rich foods, role of
household food production, agriculture and livestock situation, and related policies in
Nepal. The chapter also includes research gaps, theoretical framework guiding this
research, and research significance. Chapter 3 includes research methodology. Chapter 4
presents the results in the form of two distinct manuscripts. Chapter 5 summarizes the
findings and discusses on the implications of the findings and direction for future
research.

6

CHAPTER 2
BACKGROUND AND SIGNIFICANCE
Malnutrition or poor nutrition is a serious health challenge to achieve the
Sustainable Development Goals by 2030, especially Goal 2 (End hunger, achieve food
security and improved nutrition and promote sustainable agriculture) and Goal 3 (Ensure
healthy lives and promote well-being for all at all ages), proposed by the United Nations
(United Nations, 2015). Malnutrition coexists in two forms: undernutrition reflected by
underweight (low weight for age), wasting (low weight for height), and stunting (low
height for age); and overnutrition reflected by overweight, obesity (Body mass index
(BMI) >24.9 kg/m2), and diet-related non-communicable diseases (NCDs). This
coexistence is often referred to as the double burden of malnutrition, which is prevalent
throughout the world and affects most of the global population at some stage during their
life course (Popkin, Corvalan, & Grummer-Strawn, 2020). Micronutrients deficiencies
has recently been studied as another form of undernutrition to emphasize the importance
of vitamins and minerals on human health and setting priorities (UNICEF, 2019).
Globally, 149 million children (0-59 months of age) are stunted, 49.5 million are wasted,
and 2.4 billion (one in three) people are obese or overweight despite abundance of better
data, knowledge on what policy works, and strong political will among countries than
before (Development Initiatives, 2021). In addition, the burden of preventable dietrelated NCDs such as high blood pressure, diabetes and cancer is increasing (Afshin et
al., 2019). Obesity or overweight is a modifiable risk factor of these NCDs. People
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having diabetes increased from 108 million in 1980 to 422 million in 2016 (diabetes
defined as adults aged ≥18 years with diabetes are defined as having fasting glucose ≥7.0
mmol/L, on medication for raised blood glucose, or with a history of diagnosis of
diabetes) (B. Zhou et al., 2016). People affected by hypertension increased from 594
million to 1.1 billion in 2015 (hypertension defined as adults aged ≥18 years and older
having systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥90 mmHg)
(Bin Zhou et al., 2017). NCDs were responsible for 41 million (71%) of the world’s 57
million deaths in 2016, of which diet was one of the four leading risk factors, and the
burden is greatest in low- and middle-income countries (LMICs), with 78% of all NCD
deaths (WHO, 2018).
South Asia including Nepal is struggling with the triple burden of malnutrition:
prevalent undernutrition, micronutrient deficiencies, and increasing overnutrition
(Hossain et al., 2020; Popkin et al., 2020). South Asia bears about 40% of the global
burden of stunting among children under five years of age (Aguayo & Menon, 2016).
About one-third of the children are stunted in South Asia, which is comparable with
stunting rates in sub‐Saharan Africa (37%) and three times higher than those in East Asia
and the Pacific (12%) or Latin America (11%) (Aguayo & Menon, 2016). Nepal has
made a remarkable progress in reducing maternal and child undernutrition since mid1990s (Zulfiqar A Bhutta et al., 2020; Cunningham, Headey, Singh, Karmacharya, &
Rana, 2017), yet 36% of children under five years of age are stunted, 10% are wasted,
and 27% are underweight (thin for their age) (Ministry of Health, New ERA, & ICF,
2017). In addition, inequities persist with the nutritional outcomes at the sub-national
level: stunting is highest in the Mountains (41%) and wasting highest in the Terai
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(southern plains) (19%) (K. C. et al., 2020). A steady decline (4% average annual rate of
reduction) in stunting was observed among children under five years of age from 2001 to
2013, with virtually no decline from 2013 to 2016 (K. C. et al., 2020), whereas wasting
has plateaued at ~10% since 2001 (Ministry of Health et al., 2017). Overnutrition among
adults is increasing in Nepal: the overweight and obesity rates in women have increased
from 14% in 2011 to 22% in 2016 (Ministry of Health et al., 2017; Ministry of Health
and Population, New ERA, & ICF International, 2012). Compared to women, prevalence
of overweight and obese men is less (17%). The overall prevalence of overweight
children under five years of age seems stagnant at 1% from 2011 to 2016 (weight-forheight Z-score > 2 standard deviations (+2 SD) above the median of the reference
population), however, the sub-population analysis shows that rate is increasing from 2011
to 2016 among certain population, for example, the rate has almost doubled among richer
households (2% to 4%) (Ministry of Health et al., 2017). All these rates can be brought
down to zero through a collaborative effort from different sectors involving different
approaches, some of them being improving agriculture, production, diet, and dietary
behaviors.
2.2 Food Consumption
Lack of diverse and healthy diet is one the major causes of preventable
malnutrition and diet-related NCDs in LMICs (Li, Kim, Vollmer, & Subramanian, 2020).
Diets are the outcomes of individuals food choices (behaviors) and are largely shaped by
the wider food systems around them (Glopan, 2016; Turner et al., 2018b). Food systems
comprise of the food supply chains (production, processing and packaging, storage,
retails and markets), food environments, consumer behaviors, and diets, all of which are
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inter-related and influenced by the political and economic, socio-cultural, demographic,
environmental, and technological drivers (Downs, Ahmed, Fanzo, & Herforth, 2020;
HLPE, 2014, 2017). Because of growing urbanization, globalization, and trade
liberalization, food systems are more interconnected and complex than before (HLPE,
2017). Food systems are shifting from traditional to modern systems, which is linked
with the increased availability and accessibility of new and diverse foods throughout the
year, expanding consumers’ food choices, and thus modifying their dietary intakes. In
addition, modern food systems have also introduced highly processed and ready-to-eat
foods that are very low in nutritional content and cheaper than nutrient-rich foods.
Lower-income consumers and people with busy work schedule are often lured to
purchase these processed foods jeopardizing their health (Monteiro et al., 2018;
Monteiro, Moubarac, Cannon, Ng, & Popkin, 2013).
Modern food systems are also being pushed towards being climate smart, healthy,
and sustainable, yet are not being inclusive because some disadvantaged and vulnerable
groups still have limited food choices under this system (IFPRI, 2020). Healthy diets are
difficult for these groups to obtain because of several factors including their gender,
ethnicity or caste, socio-economic status, rights to land, land tenure, and availability of
resources such as seeds, fertilizers, and markets. In addition, people living in remote rural
areas, urban slums or isolated areas like mountains, or small islands might have limited
availability and accessibility of nutrient-rich foods partly due to dysfunctional food
supply chains that cannot function well with perishable food items. Even with the limited
resources, knowledge, and skills, people in rural communities produce foods for their
own consumption, and sometimes sell to generate additional income.
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The cost of foods, especially of nutrient-rich foods, is rising around the globe,
which is limiting consumption of diverse foods among disadvantaged, marginalized, and
poor population the most due to their limited-to-no income (FAO et al., 2020). For an
example, a study done using data from 2011 International Comparison Program showed
that most noncereal foods were relatively cheap in high-income countries, whereas
healthy foods, especially most animal-sourced foods were generally expensive in lowerincome countries (D. D. Headey & Alderman, 2019; World Bank, 2015). Because of
limited food budget, when nutrient-rich foods are expensive, disadvantaged, and poorer
households and individuals are left to buy cheaper foods, which are usually of low
nutrients. Alternately, even when income of the poor increases, they are not inclined to
allocate more food budget for purchasing nutrient-rich foods, rather they spend more on
energy-dense foods or non-food items (Cirera & Masset, 2010; Laraia, Leak, Tester, &
Leung, 2017). A study using Prospective Urban Rural Epidemiology (PURE) data from
18 countries from 2003 to 2013 showed that as the relative cost increased, consumption
of fruit and vegetable among individuals decreased (Miller et al., 2016a). In addition, the
same study revealed very low daily mean consumption of fruits and vegetables among
individuals in lower-income countries compared to those in higher-income countries
(2.14 vs 5.42 servings/day). Making nutrient-rich foods more affordable, accessible, and
available is challenging especially for the disadvantaged and poor population as it
requires co-ordination among several sectors like agriculture, industries and markets,
culture, society, and economy. If one sectors fails to perform, others fail too, leaving the
neediest population without nutrient-rich foods.
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2.3 Nutrition-sensitive Agriculture
Achieving the goal of sustainable healthy diets for all amidst changing food
systems and natural shocks like Covid-19 is still a challenge. Programs or interventions
that directly or indirectly affect nutrition and health of people including poor, disabled,
disadvantaged, women and children around the globe are required to achieve this goal.
Traditionally, nutrition interventions or programs have targeted the immediate
determinants of malnutrition (also called nutrition-specific interventions). Some
examples of nutrition-specific interventions are adolescent, preconception, and maternal
nutrition; dietary or micronutrient supplementation or fortification; complementary
feeding and breastfeeding practices; disease prevention and management; and treatment
of severe acute malnutrition (Marie T Ruel & Alderman, 2013). Global evidence,
however, has shown that such nutrition-specific interventions alone are not enough to
tackle with malnutrition (Zulfiqar A. Bhutta et al., 2013; Perez-Escamilla et al., 2018). In
addition to nutrition-specific interventions, for reducing malnutrition at scale, we need
nutrition-sensitive interventions, which target the underlying determinants of malnutrition
and health such as agriculture and food security; nutrition education and counselling;
water, sanitation and hygiene; social safety nets; women empowerment; early childhood
development; and health and family planning services (Zulfiqar A Bhutta et al., 2020;
Marie T Ruel & Alderman, 2013). Such nutrition-sensitive interventions can be leveraged
as delivery platforms for nutrition-specific interventions. Recently, ‘nutrition-sensitive
agriculture’ has been recognized in the literature as a new term (Balz, Heil, & Jordan,
2015; Marie T. Ruel et al., 2018), partly because of a global need for agriculture to
promote health, nutrition, and sustainable healthy diets. In addition, agriculture has a
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strong potential to influence the underlying determinants of nutrition outcomes, which
comprise of food security, care, and health achieved through food availability,
accessibility, dietary quality of foods, income, time management, and women
empowerment.
A wide range of nutrition-sensitive agricultural interventions have been
implemented in LMICs including homestead food production (HFP) programs, home
vegetable gardens, biofortified crops, small animals, livestock, fisheries, dairy, and
irrigation interventions as described in different reviews (Fiorella, Chen, Milner, &
Fernald, 2016; Girard, Self, McAuliffe, & Olude, 2012; Masset, Haddad, Cornelius, &
Isaza-Castro, 2012; Pandey, Mahendra Dev, & Jayachandran, 2016; Webb & Kennedy,
2014). In addition, several micro-interventions, small local projects that aim to generate
tangible benefits at local level, such as school gardens, low-cost green house, beekeeping,
guinea pig production, and conservation techniques have been implemented (Bernet et
al., 2018). The studies have employed different methods and indicators, however, the
overall evidence was that such agricultural interventions promote production diversity,
dietary diversity, vitamin A intake among children, resulting in lower rates of wasting,
anemia, and underweight when the interventions incorporate components of WASH and
BCC (Marie T. Ruel et al., 2018). Among the interventions, HFP programs are popular
and have been implemented throughout different countries for a long time.
2.4 Homestead Food Production
Homestead food production is an intervention that combines home gardens and
animal husbandry along with behavior change communication strategies to achieve better
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agricultural practices, nutrition, health, sanitation and hygiene practices, and activities
that empower women in their households. HFP interventions started in the 1980s in
Bangladesh, when 3.8% (>1 million) preschool-aged children suffered from night
blindness, caused by severe vitamin A deficiency and can be prevented simply by
increasing the consumption of vitamin a-rich fruits and vegetables that can be grown in
home gardens (Ahmed, 2007). Therefore, in 1988, HKI conducted an assessment to
explore existing gardening practices in north-west Bangladesh (Talukder et al., 2000). As
the higher prevalence of children suffering lived in households without home gardens, in
1990, HKI conducted a pilot program reaching 1,000 households to explore the feasibility
of promoting low-cost vegetable gardens combined with nutrition education and to
identify constraints (Talukder et al., 2000). The results of the pilot program suggested
that fruits and vegetables can be produced throughout the year with technical assistance
and support. In addition, home gardening along with nutrition education had a positive
impact on diversity of fruits and vegetables consumption among women and young
children in Bangladesh (from mid-term evaluation of the pilot program in 1992) (Bloem
et al., 1996). After learning from the pilot program, comprehensive evaluation, and
planning exercise, HKI developed the ‘Bangladesh Homestead Gardening and Nutrition
Education Program’. Since 1993 HKI started expanding the program within Bangladesh
working in collaboration with local NGOs and the Government of Bangladesh. The
program had the objectives of sustainable and diverse production of dark-green leafy
vegetables and fruits throughout the year, and increased consumption of vitamin A-rich
foods by women and young children. By 2003, the project was reaching more than
870,000 households, or half of the country’s subdistricts, and partnering with more than
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70 local nongovernmental organizations and the government of Bangladesh (Iannotti,
Cunningham, & Ruel, 2009). In addition, in 2002, realizing more efficiency and
bioavailability of essential micronutrients, including vitamin A, iron, and zinc, and as the
only source of vitamin B-12 from animal-sourced foods, HKI carried out a pilot project
in Bangladesh, Nepal, and Cambodia to test the feasibility of including animal husbandry
in its existing home gardening model (Iannotti et al., 2009).
At present homestead food production programs have been expanded and
implemented several countries in Asia including Bangladesh, Cambodia, Indonesia,
Nepal, and the Philippines and in Africa including Burkina Faso and Tanzania. During
about 40 years since the commencement of HFP program, we have seen some impacts of
the program. We see an increased production and consumption of nutrient-rich foods;
diversified diets; and women empowerment (N. Kumar, Harris, & Rawat, 2015; Murty,
Rao, & Bamji, 2016; D. K. Olney et al., 2016; Schreinemachers et al., 2015b;
Schreinemachers, Patalagsa, & Uddin, 2016b). In addition, the places in Asia where the
program has been implemented for a longer duration have decreased anemia prevalence
among children aged from 6-59 months and their mothers (Girard et al., 2012; Michaux
et al., 2019; A. Osei et al., 2016; A. K. Osei et al., 2015). As noted by Ruel et al., despite
the positive impacts of the HFP program across different countries, additional research is
needed to understand the effects of community-based nutrition-sensitive agriculture
interventions like HFP on nutrition outcomes (Marie T. Ruel et al., 2018). There is a lack
of evidence on long-term impacts of HFP programs or on the sustainability of these
programs (for example, the practices and knowledge developed, or assets built by
participants) once the funding ends. Additional work is required to understand the key
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factors for the success of such HFP programs. For an example, we need to understand
what interventions should be prioritized for which behaviors to improve maternal and
child health involving nutrition-sensitive agriculture interventions (Harris-Fry et al.,
2020). Moreover, understanding the production-related practices can help to improve
implementation strategy and understand sustainability of HFP programs. Further
evidence is required to assess the cost-effectiveness of programs that run for a long time
(Schreinemachers et al., 2016b). For an example, a recent economic evaluation of
enhanced homestead food production in Cambodia showed a positive monetary benefit
due to increased agricultural production in addition to improved child health (Dragojlovic
et al., 2020). The study, however, cautions the audience about the generalizability
because the analyses in the study assume the program continues to be delivered by HKI
(or a successor organization like Cambodian government), continued provision of
training and agricultural inputs, no additional drop-outs, and the agricultural and
economic conditions in Cambodia remain constant. Research is needed whether other age
groups (like adolescent boys and girls, who are also nutritionally vulnerable) get more
benefit from agriculture interventions than young children. Moreover, modification of the
program that best suits the local context within a country is essential (for an example,
promoting animal husbandry where growing fruits and vegetables is not possible due to
harsh geographic terrain) so that the targeted population achieve the real benefits from
the programs.
2.5 Homestead Food Production in Nepal
For over a decade in Nepal, HKI has been implementing HFP programs through
Suaahara, a USAID-funded multi-sectoral integrated nutrition program. Suaahara,
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currently implemented in 42 out of 77 districts has a specific intermediate result related to
HFP: improved access to diverse and nutrient-rich foods by women and children. To
achieve this result, HFP was launched in 2012, initially in 9 highly food insecure
districts. In 2013, 2014, and 2015, the program was scaled up and implemented in
additional 11, 5, and 16 districts respectively. In 2015 and 2016, during the transition
from Suaahara I (2011-2016) to Suaahara II (2016-2021), HFP program expanded to 2
additional Suaahara II districts in 2017, covering all Suaahara intervention districts. The
list of districts added in different years are presented in appendix B. As the HFP program
is targeted to disadvantaged and food insecure communities, the program is implemented
in all communities in some districts and a few communities in other districts. The HFP
program catchment area is shown in Figure 1.1.
Suaahara’s HFP program consists of interventions with Village Model Farmers
(VMFs) and household beneficiaries. A VMF (mostly woman) was selected from the
community, usually done in consultation with community level government bodies, such
as the Agriculture Development Divisions of municipalities, Agriculture Service Centers,
and District Agriculture Development Offices (from the then-pre-federalism in Nepal).
VMFs were selected if they: (1) have at least 1,000-1,200 square meters of irrigable,
flood-free land in close proximity to the home; (2) centrally located in the community,
surrounded by at least 20 households with mothers in the 1000-day period (i.e., the time
between conception and a child turning two years of age); (3) have at least one literate
and numerate household member; (4) the selected individual must be able to commit time
to engage in trainings, HFP meetings, agricultural labor, and other HFP activities; (5)
show interest to become a lead farmer in his/her community; and (6) with family
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members supporting him/her to fulfill his/her roles and responsibilities as a VMF.
Additionally, when possible, priority was given to mothers in the 1000-day period or
female community health volunteers (FCHV). A 5-day VMF capacity building training
was given to all VMFs as a foundation to enhance their knowledge and skills on technical
aspects required for demonstration of food production techniques; and leadership
development which is required to motivate 1000-day women in adoption of good
agricultural practices. The trained VMFs received diverse vegetable seeds for three
seasons (rainy, winter and dry) and 5 eight-week brooded chicks to establish demos on
quality food production which aimed for spillover effects in community. In the last seveal
years, opportuniites for further capacity building of VMFs have been made available to
those who have shown interest and readiness. These include trainigs to specialize as a
Local Resource Person (LRP) in vegetable or poultry production; business plan
development and agricultural marketing; savings and credit groups; and others. In
addition, selected VMFs were trained on climate-smart agriculture techniques to
withstand nutritional sensitive shocks, stress, and uncertainties. Regarding other inputs,
those VMFs who received business plan development and agricultural marketing or LRP
in vegetable or poultry training and who were producing at a larger scale and market
ready were provided with chicken coop building materials, weighing scales, vegetables
crates, drip, garden pipes, cane, and plastic tunnels particularly to support them in
marketing activities and building resilience.
A total of 5,686 VMFs were trained and given responsibility of establishing their
model farm for demonstration purposes, providing ongoing technical assistance to
beneficiary households and organizing the household beneficiaries into groups of about
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16-25 members. Households were selected for inclusion in the HFP program if: (1) a
1000-day mother resided in the household at the time of the listing for the training; and
(2) had at least 40 to 75 m2 of land near the home. These households received a 2-day
basic HFP training, distribution of 3 packets of seasonal seeds during the year
immediately following the basic HFP training, distribution of 5 chicks, and linkage with a
VMF for further inputs. In total, an estimated 114,000 HFP beneficiaries across 1001
VDCs of 42 districts have been reached. As the basic HFP training and seeds and chick
distribution was a one-time effort per community, new households meeting these criteria
at a later date were not direct beneficiaries of the HFP program. Such new households
could have received seeds, chicks, and inputs from the households that have already
enrolled in the program.
HFP is based on four programming principles: (1) Ensuring households’ access to
diverse and nutrient-rich foods throughout the year; (2) Focusing production
commodities-vegetables, egg, meat; (3) Promotion of low-cost but easy to adopt
technologies; and (4) Empower smallholders famers to build resilient and sustained
household food production. Applying these principles, HFP is implemented at three
different levels: household, community and structural levels. At household level the
program targets 1000-day women with an aim to increase production and consumption of
diverse nutrient-rich foods throughout the year. At the community level, the program
establishes VMFs to support the household beneficiaries with agricultural practices and
production, particularly when there is limited access to agricultural extension services
and production inputs. In addition, the community level VMF approach aims for spillover
effects in the community. At the structural level, the program operates at
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agricultural/livestock offices at the VDCs and works to upscale and sustain HFP through
mainstreaming and leveraging resources.
2.6 Agriculture, Livestock, and Policy Context in Nepal
2.6.1 Agriculture and Livestock
Nepal is a small landlocked country in south-Asia with a total area of 147,181
square km and population of about 30 million (Central Bureau of Statistics, 2019, 2022).
It borders China in the north and India in the other directions. Geographically, Nepal is
divided into three agro-ecological zones: northern mountains (consists 35% of the total
land which has harsh rocky terrain out of which only 5% is cultivable), middle hills (42%
of the total land which has rugged terrain with some fertile valleys, with only 20% of
land being cultivable), and southern plains or Terai (23% of total land which is low, flat
and fertile, out of which 41% is cultivable). Climate varies according to different
elevations of the three zones. Climate in Mountain zone is sub-alpine to alpine: very cold,
covered with snow for about half of the year, and scanty rainfall. In hills, climate is
mostly temperate; and in Terai, climate is sub-tropical to tropical with hot and humid
conditions most of the year. Amount of precipitation decreases as we move from east to
west with increasing distance from the Bay of Bengal, origin of the monsoon, which is
the major source of rain in the country. It is estimated that forests cover about 39% and
agriculture covers about 30% of the total land in Nepal (K. Uddin et al., 2015).
More than 60% of the population in Nepal practice agriculture as their main
occupation, and more women are involved in agriculture than men (70% vs 33%)
(Ministry of Health et al., 2017). Generally, agriculture is of subsistence type with a mix
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of staple crops, vegetables, and cash crops with some livestock. The agrarian structures in
Nepal are characterized by a very small land holding scattered to different plots, where
irrigation is usually either not available or seasonal (depending upon rainfall usually from
monsoon). The dominating cropping patterns are cereal crops such as paddy (72%),
wheat (57%), maize (64%), and millet (38%) (% of total grain production) and occupy
75% of the total cultivated land in Nepal (USAID, 2010). Winter vegetables are grown by
72% while summer vegetables are grown by 69% of the agricultural households (Central
Bureau of Statistics, 2011). Livestock constitutes an integral part of Nepalese agriculture
system, about 66% of the agricultural households keep cattle, 48% have buffalo, 65%
have goat or sheep, and 54% have poultry (Central Bureau of Statistics, 2011). In
addition, since each zone has different topography, climate, and rainfall, people adopt
different agricultural practices. For an example, people in mountains rear goats, sheep,
yaks, and grow crops like potato and buckwheat; in hills the major crops are maize,
millet, some vegetables and fruits, and some livestock; in Terai the major crops are rice,
wheat, maize, sugarcane, jute, some vegetables and fruits, and commercial livestock and
fish farming. Nepal has undergone agricultural diversification towards high value crops
and products (such as fruits and vegetables, spices and condiments, and livestock)
although much needs to be done in terms of nutrition and food security (IFPRI, 2011).
For an example, the share of cereals in terms of total value has decreased from 41% to
37% between 1981-2005 while high-value crops’ share rose from 54% to 59% during this
same period (IFPRI, 2011).
Despite the diversification, agriculture suffers from low productivity as two-third
of nation’s labor force employed in agriculture contributes about one-third gross
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domestic product. In addition, size of farms is reducing, and number of subsistence
family farms are increasing. The average farm size declined by 36% between 1961 to
2011 and the average land holding size was only 0.7 ha in 2011 (Central Bureau of
Statistics, 2011). The landless or small- holders farmers, including women farmers are
gradually abandoning agriculture in search for better opportunities within the country and
abroad (Maharjan, Kochhar, Chitale, Hussain, & Gioli, 2020). Further, the scope
agricultural mechanization is limited because of the difficult terrain and small-sized
farms. Therefore, technological breakthroughs fitting the context of Nepal and
diversification of crops, vegetables, and fruits are essential today to achieve food and
nutrition security as proposed by various plans and polices in Nepal.
2.6.2 Policy Context
Nepal has been implementing a series of policies and plans since 1960s to
improve food security and nutritional outcomes of adolescents, women, and children.
National Planning Commission and different ministries, most importantly Ministry of
Health, and Ministry of Agriculture and Livestock Development have played an
important role in developing and implementing those policies. A detailed analysis of
nutrition- and agriculture and livestock-related policies has been done in other documents
published earlier (for an example, by United Nations Standing Committee on Nutrition
(UNSCN)) (Pradhanang et al., 2015; UNSCN, 2013), however, we will present
developments of the most relevant nutrition-related policies and plans in the following
paragraphs.
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The Ministry of Agriculture and Livestock Development (sometimes this ministry
is divided into two independent ministries: The Ministry of Agriculture, and the Ministry
of Livestock Development) is the premier body under government of Nepal to develop
agriculture and livestock plans and polices and implement them in Nepal. This ministry
has been working in Nepal not only to improve agriculture sector but also leverage
agriculture to improve food and nutrition security through Food Security and Food
Technology Division in Nepal. Since the first national five-year plan in 1965, modern
agriculture development in Nepal has been started. Agriculture and livestock sectors were
included as the major contributors to the national economy in the subsequent five-year
plans. A long-term Agriculture Perspective Plan (1995-2014) was launched with the main
objectives being to improve agriculture productivity, transform subsistence-based
agriculture into a commercial one, and to expand employment opportunities. To reduce
poverty and improve food security through a sustainable economic growth and
commercialization of agriculture system, National Agriculture Policy, 2004 was
developed (Ministry of Agriculture and Cooperatives, 2004). In 2010, the government of
Nepal developed Nepal Agriculture and Food Security Country Investment Plan (20102014), which outlined ten agriculture and food security programs including agriculture
research and development, and food safety and consumer protection (Sova & Chaudhury,
2013). In the same year, Nepal Agricultural Research Council (NARC) (an autonomous
body, which was established in 1991 following the dissolution of the National
Agricultural Research and Service Centre (NARSC), the body that had previously taken
over agricultural research responsibilities from the then Ministry of Agriculture and
Cooperatives in 1984) developed the Strategic Vision for Agricultural Research (2011–
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2030) (Nepal Agricultural Research Council, 2010). One of the aims of the policy was to
create and scale up technologies that contribute to food security. After the completion of
Agriculture Perspective Plan, the government of Nepal developed the Agriculture
Development Strategy (ADS) (2015-2035), a 20-year vison for the development of
agriculture and livestock in Nepal (Ministry of Agricultural Development, 2014). This
ADS serves as a major guideline that streamlines subsequent major strategies, periodic
plans, and programs. This document has also identified the need for improved
agricultural practices and animal husbandry practices to achieve higher productivity and
household food security. Ensuring food and nutrition security is one of the major
objectives, which is planned to achieve through implementation of three sub-programs
(Food and Nutrition Security Program is the main program): Agriculture and Food
Security Project; Food and Nutrition Security Plan of Action; and National Food and
Nutrition Security Project.
Improving nutrition involves interventions in health and other sectors; therefore,
plans and policies of not only agriculture and livestock but also of health, water and
sanitation, education, gender, and social welfare and inclusion sectors are essential (Bach,
Gregor, Sridhar, Fekadu, & Fawzi, 2020; Choufani, Jamaluddine, & Cunningham, 2019;
Marshak, Young, Radday, & Naumova, 2020; Quisumbing et al., 2020; Reinhardt &
Fanzo, 2014; World Bank, 2013). Understanding the importance of inter-relatedness of
these sectors on nutrition and food security, the government of Nepal has multi-sectoral
nutrition plan (MSNP) in effect. The first attempt at multi-sectoral nutrition programming
was made through the Joint Nutrition Support Program (1989-1992). This program
lacked engagement of sectors during its inception and thus could not become effective
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(Joshi & Chitekwe, 2019). To address this limitation, in 2004, the National Nutrition
Policy was developed by the health sector, which was later revised in 2008 after
reviewing the statistics published by Nepal Demographic and Health Survey, 2006. In
2011, the Nutrition Assessment and Gap Analysis (NAGA) was endorsed by the National
Planning Commission, an apex advisory body of the Government of Nepal for
formulating a national vision, periodic plans and policies for development by assessing
resource needs and identifying funding sources. The NAGA identified strengths,
weaknesses and gaps in nutrition programming and realized the need for a multi-sector
approach resulting in the development of the first Multi Sector Nutrition Plan (MSNP-I,
2013-2017). After the completion of the MSNP-I and building on the lessons learned
from it, the second MSNP (MSNP-II, 2018-2022) has been implemented. The MSNP-II
is evidence informed, contains results based with realistic targets, and doable monitoring
and evaluation planning. With the goal of “improved maternal, adolescent and child
nutrition by scaling up essential nutrition-specific and sensitive interventions and
creating an enabling environment for nutrition”, the current plan has emphasis on
adolescents, pregnant and lactating mothers, emerging challenges of overweight and
obesity, and gender empowerment and social inclusion (National Planning Commission,
2017). In addition, the missing elements in MSNP-I such as emergency nutrition,
maternal and adolescent nutrition, mental health, and early childhood development have
been included in MSNP-II (Joshi & Chitekwe, 2019; National Planning Commission,
2017).
Nepal is one among the few countries in the world that has “right to food” as the
fundamental right of the citizens embedded in the Constitution of Nepal. In addition,
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Nepal made its commitment to undertake Zero Hunger Challenge declared by the Rio+20
Conference on Sustainable Development held in Brazil in 2012. The Zero Hunger
Challenge is a commitment to end hunger, eliminate all forms of malnutrition, and build
inclusive and sustainable and resilient food systems (United Nations). Therefore, the
Government of Nepal formulated the National Action Plan (NAP, 2016-2025) to ensure
“right to food” and to achieve society free of hunger and malnutrition by 2025 by
improving food and nutrition security (Ministry of Agricultural Development, 2016).
Developed in line with the Agriculture Development Strategy, the priorities of NAP are
linked with MSNP-II and other poverty reduction frameworks related to food production,
equitable distribution and effective utilization of food to maintain basic nutritional
standards. The strategies for implementing NAP are enhanced production and
productivity; increased investment in agriculture; physical infrastructure development;
localization of food availability; agri-business development; increased employment
opportunities; making agricultural occupation attractive for youths; support smallholder
and landless producers with access to productive resources; safety net support for the
vulnerable groups; and improved food governance (Ministry of Agricultural
Development, 2016).
The different plans, policies and programs have included food and nutrition
security as an important goal to accomplish national prosperity. Despite the progress
made in productivity, infrastructure, food security, and poverty, agriculture and livestock
sector needs improvement to incorporate agriculture-to-nutrition strategy, that is, having
a nutrition goal when implementing agricultural interventions or programs. In addition,
the ministries such as Education; Urban Development; Women, Children and Social
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Welfare; and Local Development are observed as secondary ministries, and several others
are unaware of their role in the MSNP and ADS (UNSCN, 2013). Therefore, coordination among different sectors is urgent to achieve the goal of national prosperity via
achieving zero hunger, food and nutrition security.
2.7 Theoretical Frameworks
The proposed research is informed by the program theory framework
conceptualized by HKI (Appendix A), which is adapted from the earlier versions of
program theory developed by HKI and International Food Policy Research Institute
(Haselow, Stormer, & Pries, 2016; Deanna K. Olney et al., 2013). Initially, the
development of the framework for the homestead food production program began
through discussions with key HFP program personnel at HKI office on how they
perceived the program was operating to achieve the desired outcomes and impacts.
Primary program components and hypothesized program impact pathways were
identified and reasons that may affect the program delivery were discussed. Eventually,
the final framework was developed (Appendix A). Three important program impact
pathways identified to achieve improve maternal and child nutrition and health were: (1)
availability and accessibility to diverse and nutrient-rich foods (production–consumption
pathway); (2) increased income through the sale of surplus produce (production–income
pathway); and (3) increased women empowerment through leveraging resources and
improved knowledge (empowerment pathway).
The conceptual framework (Figure 2.2) for this research is adapted from the
above-mentioned theoretical framework. The conceptual framework shows the pathways
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of how participating in HFP program leads to adoption of improved production-related
practices and production of diverse vegetables and poultry. VMFs are selected and
trained so that they establish HFP groups, support the groups, and serve as community
level agricultural extension workers. VMFs are Frontline workers who teach, train, and
provide agricultural inputs and information to households for increased and diverse
production of nutrient-rich foods throughout the year. The groups usually consist of about
16 to 25 mothers from the eligible households. Those mothers who get enrolled into the
HFP program receive trainings, inputs, and support from the VMFs. The HFP program
targets mothers because empowering women contributes to improving productivity from
farms managed by women (Diiro, Seymour, Kassie, Muricho, & Muriithi, 2018). Women
need trainings, inputs and information regarding agriculture to improve agricultural
practices (Farinde & Ajayi, 2005). In addition, training and inputs improves women’s
knowledge on agricultural practices, which increases agricultural productivity (RiveraFerre, 2008). The mothers utilize the gardening and poultry-raising knowledge, skills,
and inputs from the program in establishing homestead garden and poultry coop. It is
important to understand what the gardening and poultry-raising practices are that can lead
to the improved production of vegetables and poultry. In the HFP program, because of
the regular households’ visits and monitoring by VMFs and HFP program staffs, women
are reinforced to improve agricultural productivity. This regular monitoring and support
to the households might enable them to improve production of vegetables and poultry
even the program has been implemented for a longer duration. Several other determinants
such as participants’ age, education, occupation, residency level (alone or joint family),
knowledge on agricultural practices and production, and involvement as an active
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member of agriculture/livestock/fisheries producers group in the community; household
caste/ethnicity; socio-economic status; size of agricultural land; anyone in the household
received training on improved agriculture and poultry-raising practices; presence of
ag/livestock group in the community; presence of Suaahara HFP group in the
community; rural/urban areas; and agro-ecological zones.
2.8 Significance of the Study
Achieving zero hunger and better nutritional outcomes through sustainable
healthy diets is possible by improving agricultural-to-nutrition knowledge and utilizing
the barren lands by cultivating diverse and nutrient-rich foods throughout the year. In
addition, we need to understand how nutrition-sensitive agricultural interventions work
better for poor and disadvantaged population because they function differently than the
average population (Banerjee & Duflo, 2012). This proposed research is significant
because it will contribute to global agriculture-to-nutrition community by understanding
whether promoting improved production-related practices translates into improved
production of nutrients-rich foods. In addition, this research fosters our understanding of
sustained engagement of the frontline workers. Understanding characteristics associated
with frontline workers’ sustained participation and performance might inform nutritionsensitive agriculture interventions at scale for improved service provision. Further,
exploring farming practices among women smallholder farmers in disadvantaged
communities, where the burden of malnutrition is high, might help policy makers to
formulate and implement policies targeting local needs. The research is also significant in
bringing in evidence that both gardening and poultry-raising practices can be promoted in
tandem along with trainings and inputs for improved production of vegetables, egg, and
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chicken. Finally, this research will inform global nutrition sector on role of small-scale
agriculture and farming activities on healthy diets proposed by the EAT-Lancet
Commission (Walter Willett et al., 2019).
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Figure 2.1 Suaahara program’s HFP reach in Nepal
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Covariates: Maternal level: age, education, occupation, residency level (alone, joint family),
knowledge on agricultural practices and production, an active member of
agriculture/livestock/fisheries producers group in the community
Household level: caste/ethnicity; socio-economic status, household food insecurity, size of
agricultural land, anyone in the household received training on improved agriculture and
poultry-raising practices
Community level: presence of ag/livestock group in the community, altitude

Figure 2.2 Conceptual framework on improving household vegetable and poultry
production in Nepal
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CHAPTER 3
METHODS
This research used quantitative methods to achieve the aims and answer the
research questions using two different datasets on homestead food production program
collected through Suaahara-II program in Nepal: (1) Suaahara-II VMF profile dataset
(for aim 1) and (2) Suaahara-II survey (for aim 2).
3.1 Setting
Nepal is a landlocked country in south Asia. It is bordered by China to the north
and India to the rest (Figure 3.1). Geographically, Nepal is divided into three agroecological zones: northern mountains, middle hills (42% of the total land which has
rugged terrain with some fertile valleys, with only 20% of land being cultivable), and
southern plains or Terai (23% of total land which is low, flat and fertile, out of which
41% is cultivable). Mountains, Hills, and Terai consists of 5%, 20% and 42% of
cultivable land. More than 60% of the population in Nepal practice agriculture as their
main occupation, and more women are involved in agriculture than men (70% vs 33%)
(Ministry of Health et al., 2017). After the major governance reform in 2017, Nepal
consists of 7 provinces, comprised of 77 districts and 753 municipalities (460 rural and
293 urban). Finally, there are 6,743 wards, the lowest administrative units. Previous
village development committees (VDCs) were dissolved to form municipalities (rural or
urban) and smaller ‘old’ wards were merged to form larger ‘new’ wards.
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Nepal has increased its commitment to addressing nutrition and has emphasized
on multi-sectoral approach to reduce malnutrition in the country. The Government of
Nepal has been collaborating with various international non-governmental organizations
like HKI to achieve the nutrition targets and goals. As a part of this collaboration, HKI
has been implementing homestead food production program through Suaahara-II
program in 42 districts out of 77 in Nepal, especially in the communities where food
insecurity is high.
Dataset, sampling, and analyses for the two aims is described separately in the
following paragraphs. We begin by explaining for aim 1 and then for aim 2.
3.2 Aim 1: Dataset, Sampling, and Analyses
3.2.1 Dataset
Suaahara-II VMF profile dataset was used to answer the research questions
related to the aim 1.
3.2.2 Sampling and Recruitment
Suaahara-II began a Community Mapping Census (CMC) in 2017 to register all
households residing in Suaahara-II intervention areas. VMFs, as residents of these
communities, were also registered and this formed the starting point of the Suaahara-II
VMF database to facilitate ongoing updating of VMF characteristics and tracking of
program interventions for each VMF.
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3.2.3 Data Collection
Suaahara-II program field staff were trained to collect the information. A crosssectional survey of Suaahara VMFs was done from 2018 to 2019 to create a full roster of
updated information on all VMFs selected by Suaahara since 2012. Suaahara staff,
based in each of the 42 implementation districts, approached the VMFs to conduct faceto-face and phone interviews.
3.2.4 Sample Size
Out of 5,686 VMFs enrolled in the HFP program since 2012, complete
information was available for 4,750 (83.5%), which were included in the analyses. The
various reasons for loss to follow-up of the other 936 (16.5%) VMFs could be migration;
leaving agricultural for other professions such as small businesses; death; and lack of
interest to continue as a frontline worker (Government of Nepal, 2020b).
3.2.5 Data Analyses
All the analyses were done using Stata version 14.2 (StataCorp, Texas) creating
sharable datasets and do files.
Outcome variable
To achieve aim 1, an outcome variable, “number of VMF activities”, was created
based on VMF self-reported engagement in the following four activities: 1) conduct
regular HFP group meetings, 2) discuss vegetable growing and chicken rearing practices
with HFP group members, 3) engage in saving and credit activities in the HFP group, and
4) register the HFP group at any point with the local government, Agriculture and
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Livestock Service Office, which requires the VMF to pro-actively collaborate with the
local government and other stakeholders to make the group officially eligible for support
from the local government. A score of 1 was given if a VMF reported to engage in the
above activities, otherwise a score of 0 was given. Then, all the scores were summed to
generate a total score, which represents the number of the activities. This outcome
variable reflected performance of the VMFs, the higher the number of activities, the
better was VMF’s performance. If the VMFs performed all their assigned activities
together, household beneficiaries might receive support and guidance required for the
improved production of vegetables, chicken, and eggs.
Co-variates
Potential socio-economic and demographic determinants were identified a priori
based on earlier studies conducted in health care systems and nutrition-sensitive
agricultural interventions in LMICs (Broaddus-Shea, Shrestha, Rana, Winch, &
Underwood, 2020; Panday, Bissell, Teijlingen, & Simkhada, 2019; Rahman et al., 2010).
Those constructed as categorical variables were: gender (male, female), caste (socially
excluded, advantaged), being a female community health volunteer (no, yes), current
1000-day household (no, yes), residing in a disaster-prone district (no, yes), education
(none, primary, secondary, and higher), equity quintile (1, 2, 3, 4, 5) to measure socioeconomic status (Fry K., Firestone R., & Chakraborty N.M., 2014), years since the first
VMF training (at least 4, 5, or 6 years ago), agricultural land size (at least 0.5 hectares,
less than 0.5 hectares), and agro-ecological zone (mountains, hills, and Terai (plains)).
Socially excluded caste groups consisted of Dalits, Muslims, and disadvantaged Janajatis
while advantaged caste groups consisted of Brahmins/Chhetri, Gurung/Thakali, Newar,
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and non-Dalit Terai caste based on the caste/ethnicity defined by the Government of
Nepal Health Information and Management System (Banstola & Banstola, 2015).
Disaster-prone districts were determined based on a report by the Government of Nepal
and included landslides, floods, wildfires, and lightning from 2008 to 2019 and also
included the earthquake in 2015 (Government of Nepal, 2015, 2020a; Nepal Red Cross
Society, 2019). Agricultural land size was categorized to compare subsistence and small
commercial farmers versus smallholders, based on the classification used by the
Government of Nepal (Ministry of Agricultural Development, 2014).
Continuous variables were age (in completed years), household size (in persons),
a sum of the number of additional trainings beyond the basic introductory training (0-6),
and a sum of the number of additional inputs received (0-6). Additional trainings
considered were VMF capacity building, savings and credit and group management,
business, local resource person, seed production, and post-harvest handling. Similarly,
additional inputs received were those that went beyond the basic package of three packets
of seeds and five to ten chicks: saplings of mango trees, banana, and papaya as per the
agro-ecological zones, coop construction materials, farm materials, marketing promotion
materials, hatchery machine, and solar dryer to improve existing traditional open drying
practices, which often are not hygienic, safe, and time consuming (used mostly for radish,
tomatoes, cauliflower, and broadleaf mustard).
Analysis
Ordinal logit regression was used to estimate adjusted odds ratios (AOR) and 95%
confidence intervals (CI) to test the association between the outcome variable, working
actively as a VMF, and the determinants. First, we ran a proportional odds model (using
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the command ologit) with the assumption of odds ratios being the same across categories.
Second, since the proportional odds assumption may not strictly hold, we ran a
generalized ordered logit model (using the command gologit2) that relaxes the
proportional odds assumption (R. Williams, 2006; Richard Williams, 2016). We
accounted for clustering and modeled the determinants identified a priori.
Finally, to identify patterns of characteristics that distinguish VMFs working
actively in the HFP program from those who are less active, a tree-based partitioning
analysis, called classification and regression tree (CART) was used (Breiman, Friedman,
Olshen, & Stone, 1984). In addition, CART analysis provides insight into possible
interactions among the most useful variables for determining active engagement of the
VMFs. A regression tree is constructed by recursively partitioning the data (Loh, 2002).
Beginning with the whole sample as one group, the procedure selects from all variables
the one variable and the one cutoff for that variable that best splits the group into 2
subgroups, maximizing differences on the outcome, in this case, number of VMF
activities. At each stage, the binary partition that minimizes the total sum of the squared
errors (SSE) is selected. Splitting stops if the fractional decrease in total SSE is less than
a pre-specified value or if the sample size is too small. Eventually we come to a terminal
node (also called leaf), where we make a prediction. This process results in a tree with a
‘‘root node’’ (full sample) from which ‘‘branches’’ emerge and ‘‘derivative nodes’’ at
each point where a subgroup is further split until there are ‘‘terminal nodes’’.
To obtain a regression tree, the “crtrees” command in Stata version 14.2 was used.
Since all the variables were theoretically important in explaining the variation in the
VMF activity, all the variables were included to construct regression trees. Since the

38

shape of the regression trees and coefficients were slightly different for each time the
command was run, ten regression trees were created to observe the patterns of split and
development of terminal nodes. For the final interpretation, a tree that was generally
representative of the trees, simple, easily interpretable, and more generalizable was
selected.
3.3 Aim 2: Dataset, Sampling, and Analyses
3.3.1 Dataset
Suaahara-II monitoring data collected in 2017 was used to answer the research
question related to the aim 2.
3.3.2 Setting
Suaahara, a multi-sectoral program, has been implementing HFP program in 42
out of the 77 districts in Nepal for the improved access to diverse and nutrient-rich foods
by women and children (Table 3.1). Therefore, HFP program has been promoting
improved gardening and poultry-raising practices along with training and inputs to
increase availability of diverse vegetables, egg, and chicken throughout the year.
Implementation of nutrition-sensitive agriculture interventions like HFP increases the
likelihood of promotion of knowledge on methods, practices, food production,
consumption, and nutrition in the communities (Bernet et al., 2018). Although these
interventions target specific households or individuals to improve knowledge on
production-related practices, neighboring people might imitate the practices performed
and seek support, resulting in a greater adoption of practices in the communities
compared to where interventions have not been implemented (Boedecker et al., 2019;
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Dillon, Bliznashka, & Olney, 2020). Some individuals get motivated to adopt the
production-related practices while other do not, resulting in a greater variability in
adoption of the practices. This variability helps to investigate whether engaging in more
improved production-related practices translates to a greater production of quantity and
diversity of nutrients-rich foods.
3.3.3 Sampling and Recruitment
A multi-stage stratified cluster sampling design was used to collect the data and
has been described in detail elsewhere (HKI, 2018). In brief, the first-stage sampling
units were districts (n=16). The second-stage sampling units were municipalities (1 urban
and 1 rural per district, excluding the district headquarter municipality n=32). The thirdstage sampling units were new wards (3 per municipality, n=96). The fourth-stage
sampling units were old wards (2 per new ward, n=192) (because of larger size of new
wards data collection was logistically challenging, therefore, old wards were selected).
The final-stage sampling unit was households with children under 5 years of age (19 per
old ward, n=3648). The first four stages were conducted using probability proportional to
size techniques. For the fifth stage, households with a child under 5 years and a mother
living in the same house were selected randomly.
In the selected old wards, a listing of households was conducted which contained
information about the name of the household head, whether the household has a child
under 5 years or not, and if yes, the name of the mother of the child. From the list of all
households, a list of households having a child under 5 years of age and the child’s
mother residing together was prepared and 19 households were randomly selected for
inclusion in the survey, by drawing names from a hat. If there was an insufficient number
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of eligible households in the selected old ward, the same procedures were followed in the
adjoining old ward to select the remaining required households.
3.3.4 Data Collection
The present study utilized data collected from the Suaahara-II monitoring survey
in 2017. We used only the monitoring data collected in 2017 because the subsequent
rounds of monitoring data collected in 2018 and 2019 lacked detailed information on
production-related practices. In addition, the earlier monitoring data collected from 2011
to 2016 was led by a different organization than HKI and the monitoring system was
different. A local Nepali firm, New Era, recruited a team of 105 field staff, including 6
quality controllers, 20 supervisors, and 59 enumerators for the data collection. All the
field staff were trained to familiarize with the survey objectives and tools. The training
included detailed explanations of the survey objectives and design including multi-stage
sampling and selection of households and appropriate informed consent and interviewing
methods. Every question of every module was discussed, and skip patterns, filtering, and
probing techniques were explained. Enumerators were also trained in how to collect data
using android phones, using ‘Ona’, an offline data collection application. Face-to-face
interviews were done. Once the data was collected and reviewed by the supervisor, the
enumerator synced the data to the Ona server. During data collection, field team
supervisors regularly reviewed the data collected by the enumerators prior to syncing the
data to the online database.
According to the type of questionnaires (such as household, mothers, child, etc.)
response from multiple respondents were recorded in the survey. For this study,
information on homestead food production was collected from mothers of children under
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five years old since the homestead food production component of Suaahara-II program
has been targeting mothers. Information on households and communities was collected
from the household heads or mothers (if they were the household heads).
3.3.5 Sample Size
Suaahara-II monitoring survey collected information on homestead food
production among households in addition to information on maternal and child health,
dietary practices, empowerment, and other household information. Among the 3,643
households enrolled in the survey, 3,635 had complete information, therefore, were used
as our final sample for the analyses.
3.3.6 Data Analyses
All the analyses were done using Stata version 14.2 (StataCorp, Texas) creating
sharable datasets and do files.
Exposure variables
We had two separate exposure variables:
(a) Improved gardening practices score: Gardening practices were determined by
assessing the following five activities, a few of which were observed by the
interviewers, and some were reported by the respondents: (i) growth of vegetables
in a dedicated plot; (ii) growth of vegetables within a fenced area; (iii) use of
organic manure in the last agricultural season; (iv) use of bio-pesticide in the last
agricultural season; and (v) use of irrigation. If the respondents reported practice
of the activities, a score of 1 was given for each, otherwise 0 was given. Then, we

42

created a total score by summing the individual scores for each practice (range 0
to 5). Higher score reflected better gardening practices, which could result in
improved production of vegetables. Among the ideal and improved gardening
practices promoted by the HFP program in the communities of Nepal, these were
the ones included in the survey. Adopting only one practice might not suffice for
improved and diverse production of vegetables. A household was recommended
to perform all of these practices depending upon the type of vegetables grown,
which could result in increased availability and productivity of diverse vegetables
throughout the year.
(b) Improved poultry-raising practices score: Poultry-raising practices were
determined by assessing the following seven activities and generating a score of
these practices: (i) use of chicken coop for rearing chicken; maintaining facilities
and conditions of coop: (ii) fresh air and ventilated space; (iii) facility of clean
water and pot; (iv) clean or fresh chicken feed and pot; (v) proper security; (vi)
deworming chickens; and (vii) vaccinate against New Castle Disease. If the
respondents reported practice of the activities, a score of 1 was given for each,
otherwise 0 was given. Then, we created a total score by summing the individual
scores for each practice (range 0 to 7). Higher score reflected better poultryraising practices, which could result in improved production of chicken and eggs.
In addition to the promotion of gardening practices, improved poultry-raising
practices have been promoted in the communities. Among the ideal and improved
poultry-rearing practices promoted by the HFP program, these practices were the
ones included in the survey. Adopting only one practice might not suffice for
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increased egg and meat production. Therefore, the HFP program recommends
households to adopt all of these practices if they want increased production of
eggs and chicken.
Outcome variables
This study had four separate outcome variables: vegetable production diversity,
vegetable production quantity, egg production, and chicken production.
(a) Vegetable production diversity: Based on the major nutrients present in the
vegetables and adapted from the groupings used in a study of homestead food
production program in Bangladesh (Schreinemachers et al., 2016b), we grouped
35 vegetables produced into five types: dark-green leafy vegetables (DGLV),
other vitamin A-rich vegetables, beans and pulses, roots and tubers, and other
vegetables. This grouping can be related to dietary diversity for children 6 to 23
months of age as guided by World Health Organization (WHO, 2007) and for
women as guided by Food and Agriculture Organization (FAO, 2010).
Respondents were asked which vegetables they grew in the 12 months. If they
reported production of any vegetables from each vegetables group, a score of 1
was given, otherwise 0 was given. For an example, if the mothers reported growth
of broadleaf mustard or pumpkin shoot, a score of 1 was given to the vegetable
group, “dark-green leafy vegetables”. Then, we summed (range 0 to 5) the
individual scores for each vegetable group to create vegetable production
diversity score. A list of the vegetables and their groups is provided in the Table
3.2.
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(b) Quantity of vegetable production: Quantity of vegetable production was assessed
by measuring kilograms (kg) of vegetables produced by the households in the last
12 months. Respondents were asked how much (in kg) of vegetables they
harvested during the last 12 months.
Poultry production was assessed by measuring the quantity (in numbers) of chicken
and eggs produced by the households separately.
(c) Egg production: Respondents were asked how many eggs were produced in the
last one month.
(d) Chicken production: Respondents were asked how many chickens the households
had at the time of survey. Information on three different chicken types: improved
(e.g., New Hampshire, Black Australorp); local (e.g., Sakini, Ghanti Khuile); and
boilers/layers was obtained. For the analyses, regardless of the types of the
chicken raised, the numbers were combined.
Covariates
To account for the potential confounding, we identified variables a priori, based
on published literature and knowledge of the local context and intervention being studied.
We grouped the variables by level into individual (maternal), household, and community.
Maternal characteristics were age of mothers (in years), education (none, primary,
secondary, and higher), major occupation (agriculture and non-agriculture), residency
type (whether a mother lived alone, lived with her husband and children, and lived in a
nuclear family), mother’s knowledge on agricultural practices, and whether mother was
an active member of agriculture/livestock/fisheries producers group in the community
(including marketing groups and Suaahara HFP group). Mothers’ knowledge on
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agricultural practices was constructed as a score by summing all the scores based on
responses to each question the mothers were asked (such as “What are some potential
advantages of having a homestead garden?”, “What are some potential advantages of
producing small animals such as chickens or goats?”). Several options were present for
each question, which were not read to the mothers. If they answered the options a score
of 1 was given, if they say don’t know or others, a score of 0 was given.
Household-level variables were caste/ethnicity (socially advantaged versus
socially disadvantaged), socio-economic status, total land size (measured in hectares),
household food insecurity, and anyone in the household received training on improved
agriculture and poultry-raising practices. Socially excluded caste groups consisted of
Dalits, Muslims, and disadvantaged Janajatis while advantaged caste groups consisted of
Brahmins/Chhetri, Gurung/Thakali, Newar, and non-Dalit Terai caste based on the
caste/ethnicity defined by the Government of Nepal Health Information and Management
System. Socio-economic status was determined using equity quintile (Fry K. et al., 2014).
Household food insecurity was measured using the household food insecurity access
scale by using the one developed by Food and Nutrition Technical Assistance project
(Coates, Swindale, & Bilinsky, 2007). Training on improved agricultural practices
included: (i) field crop selection or rotation; (ii) improved seeds or crop varieties; (iii)
pest management and identification; (iv) soil improvement (fertility and composting); (v)
home gardening (other); (vi) water conservation and use for agriculture; (vii) improved
post-harvest food storage practices. Training on improved poultry-raising practices
included: (i) treating chicken disease, such as Newcastle; and (ii) chicken breeding and
husbandry.
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Community-level variables were presence of any agriculture/livestock/fisheries
group in the community (including marketing groups), and altitude (measured in meters).
Analyses
The association between improved gardening practices score and vegetable
production diversity was tested by using linear mixed-effects regression models
(command “mixed” in Stata). The fixed-effects portion of the regression model consisted
of improved gardening practices score and the potential confounders identified a priori
and the random-effects portion consisted of districts.
The association between improved gardening practices score and vegetable
production quantity (in kg) was tested by using linear mixed-effects regression models
(command “mixed” in Stata). Before this, we used a square root transformation to make
the distribution of vegetable production quantity less skew and reduce the potential
influence of large values. The fixed-effects portion of the regression model was the
transformed quantity and potential confounders identified a priori and the random-effects
portion specified districts.
The association between improved poultry-raising practices score and egg and
chicken production was tested separately by using left-censored regression models
(command “tobit” in Stata). The distribution of the outcome variables, number of egg and
chicken production in the past one month, had more than half zeros. The values at zero
were treated as censored. The regression model was adjusted for the potential
confounders identified a priori and clustering at district level using “vce” command.
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3.4 Protection of Human Subjects
Ethical approval to conduct the annual monitoring survey and community
mapping census was obtained from Nepal Health Research Health Council, an
autonomous body under the Ministry of Health and Population in Nepal. Since the
secondary data for this research was used, it was exempt from ethical approval from the
Institutional Review Board, University of South Carolina.
Informed consent forms were used for to explain the purpose of data collection,
approximate duration, right to refuse to participate, right to withdraw during
participation, right to confidentiality and anonymity and agreement to record the
discussions for both data collection exercises. Before conducting the interviews, field
enumerators read the informed consent. Then a written consent (signed by the
participants) or oral consent (for some VMFs when face-to-face interviews were not
possible) was obtained, if the participants agreed to the interviews. Participants’ privacy
and confidentiality were maintained during data collection and de-identified datasets was
used for this study.
3.5 Data Management
New Era, the institution contracted for data collection, received the monitoring
survey data via the Ona server. Key New Era and Suaahara-II staff had access to the
uploaded data. New Era staff would download the data from the Ona server, check the
quality and consistency of the data, and provided feedback to enumerators, as needed. All
corrections were recorded by the New Era staff who consequently updated the database
and informed the Suaahara-II team. After completing the initial data cleaning and
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verification the cleaned raw data files were sent to the Suaahara-II monitoring and
evaluation team for further data cleaning. The team further cleaned the data and
generated required variables. A data sharing agreement was signed between Helen Keller
International and University of South Carolina to receive the datasets in Stata version 14.
Datasets are stored in at least two password protected computers in University of South
Carolina.
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Figure 3.1 Map of Nepal (Source: Wikimedia Commons)
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Table 3.1 List of districts and years when HFP program was implemented in these
districts in Nepal
Year of HFP

Districts

Number of

implementation
2012

districts
Rasuwa, Dolakha, Taplejung, Sankhuwasabha,

9

Manang, Mustang, Bajura, Bajhang* and Darchula
2013

Solukhumbu, Bhojpur*, Baglung, Myagdi*,

11

Gorkha*, Lamjung, Syangja, Parbat, Rupandehi*,
Nawalparasi*, Sindupalchowk*
2014

Accham, Dadeldhura*, Baitadi, Doti and Nuwakot

5

2015

Banke, Bardiya*, Dang*, Salyan*, Surkhet,

16

Dailekh*, Jajarkot, Pyuthan, Rolpa, Rukum,
Kapilbastu, Argakhanchi*, Palpa*, Gulmi, Kailali*
and Kanchanpur
2017

Panchathar and Dhading*

*Districts included in the present study (n=16).
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Table 3.2 List of vegetables produced in the households reported by the respondents
during the past year
Food groups

Individual vegetables and poultry (from our data)

Dark-green leafy

Broadleaf mustard, Fenugreek, Colocasia, lettuce, coriander,

vegetables

kangkong, Swiss chard, cress, amaranth, spinach, pumpkin
shoots

Other vitamin A-rich

Carrot, orange flesh sweet potato, pumpkin, tomato

vegetables
Beans and pulses

Pea, broad bean, four-season bean, cowpea

Roots and tubers

Yam, potato

Other vegetables

Chili, Onion, Radish, cauliflower, squash, turnip, cabbage,
brinjal, sponge gourd, bottle gourd, bitter gourd, snake gourd,
garlic, chayote squash, balsam apple, broccoli, okra, asparagus,
other
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Sustaining Agriculture and Nutrition Interventions: Determinants of Continued
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Abstract
Background: In homestead food production (HFP) programs, village model farmers
(VMFs), after training, implement agriculture and nutrition activities to improve
household knowledge and practices. Little evidence exists on what enables VMFs to
remain actively engaged and for impacts to be sustained.
Objective: To examine determinants of active engagement of VMFs, at least 4 years post
training, in an HFP program in Nepal.
Methods: We used cross-sectional program monitoring data, collected from 2018 to 2019,
among 4,750 VMFs of Suaahara, a multi-sectoral nutrition program. We assessed
whether respondents registered their HFP group with the local government, conducted
regular group meetings, discussed vegetable growing and chicken rearing practices with
group members, or engaged in saving and credit activities in their HFP group. The
outcome variable counted in how many of these four activities the VMF engaged.
Potential socio-economic and demographic determinants were identified a priori and
adjusted for clustering in ordinal regression models.
Results: On average, VMFs engaged in 1.4 activities. Having attended primary or
secondary school (AOR=1.39), being a female community health volunteer (AOR=1.27),
being from an advantaged caste/ethnic group (AOR=1.34), and receiving additional
trainings (AOR=1.56) and inputs (AOR=1.31) were associated with more active
engagement of VMFs.
Conclusion: VMFs that received more training and inputs were more likely to remain
actively engaged. Female community health workers, people from higher caste/ethnic
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groups, and those with primary or secondary education were more likely to remain active
VMFs and could be targeted for this role in a HFP program to lead to sustained impact.
Introduction
Consumption of nutrient-rich foods such as vegetables, fruit, eggs, and meat in
low- and middle-income countries (LMICs) remains a challenge. Low consumption of
such nutrient-rich foods can be attributed to poor knowledge of the importance of such
foods, lack of skills in producing these foods, consumption preferences, habitual dietary
practices, high prices, limited access to markets, lack of availability, and food policies
(Bodor et al., 2008; Development Initiatives, 2020; Miller et al., 2016b; Turner et al.,
2018a). Low consumption of nutrient-rich foods has been linked to malnutrition,
including stunting (low height for age), wasting (low weight for age), underweight,
anemia, vitamin and mineral deficiencies, and overweight or obesity and diet-related noncommunicable diseases, especially among vulnerable populations, including women and
children under 5 years of age (Dietz, 2017; Gibson et al., 2012; Kjøllesdal et al., 2016;
Prentice, 2018; Tzioumis et al., 2016; R. Uddin, Lee, Khan, Tremblay, & Khan, 2020).
Globally, 149 million children (0-59 months of age) are stunted, 49.5 million children are
wasted, 40.1 million children are overweight, and 2.4 billion (one in three) people are
obese or overweight, most of which could have been prevented by improved diets
(Development Initiatives, 2020).
Globally, efforts are being made to improve diets and reduce food insecurity, in
part by pushing for transformations of food systems to be climate-smart, healthy, and
sustainable (International Food Policy Research Institute, 2020). A healthy diet, however,
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is unreachable for millions of people, particularly those who are disadvantaged and
vulnerable with limited access to high-quality food and resources such as land, seeds, and
fertilizers (International Food Policy Research Institute, 2020). People living in remote
rural areas, urban slums, or isolated areas like mountains or small islands might have
limited availability and accessibility of nutrient-rich foods partly due to dysfunctional
food supply chains (Development Initiatives, 2020). In addition, the cost of nutrients-rich
food is often high and when coupled with low incomes affect disadvantaged,
marginalized, and poor populations the most (D. D. Headey & Alderman, 2019; Miller et
al., 2016b; World Bank, 2015). Even the most affordable diet proposed by the EATLancet commission costs about US$3 per day in 2011 (W. Willett et al., 2019), of which
the largest share (31%) is the cost of fruit and vegetables (Hirvonen et al., 2020).
In South Asia, despite the relatively rapid increase in the gross output value of
milk and milk products, meat, and fruit and vegetables as compared to that of cereals
(Rashid, Ahmed, & Rana, 2020), the issues of availability, accessibility, rising food
prices, and affordability of nutrient-rich foods still prevail. Food value chains (i.e.,
complex interactions between multiple actors from production to markets to
consumption) of nutrient-rich foods are struggling to meet the need of people, and there
is a disconnect between farmers and consumers leading to low consumption of healthy
foods (Donovan & Gelli, 2019; Ssennoga, Mugurusi, & Oluka, 2019). For example,
markets in Nepal are concentrated in urban areas, and lack of markets in rural settings
leave people with no options for purchasing nutrient-rich foods. The limited markets that
exist in remote areas sell mainly staples, oils, sugar, spices, and condiments that people
buy frequently and that do not spoil quickly. In addition, the increasing number of small
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stores in rural areas have exposed local people to low-nutrient value foods like noodles,
savory snacks, cookies, and sugar-sweetened beverages (Schreinemachers et al., 2021).
Furthermore, the higher cost of nutrient-rich foods compared to cereals in Nepal has
exacerbated challenges related to the promotion of high-quality of diets (Akhter et al.,
2018; Biehl et al., 2016; Tamrakar et al., 2020).
One important way to deal with issues of poor availability, affordability, and
accessibility of nutrient-rich foods is to promote households’ own production of these
foods. Helen Keller International (HKI) has been working since the 1980s to promote
homestead gardens and small-animal production in several Asian and African countries
(HKI, 2013). HKI’s homestead food production (HFP) programs empower women from
poor households in Africa and Asia with agriculture, nutrition, and health education, as
well as agricultural resources needed to produce their own nutritious foods that are rich in
vitamins, minerals, and proteins (Marie T. Ruel et al., 2018). HKI’s HFP program in
Nepal has been implemented for several decades, including through a USAID-funded
integrated nutrition program known as Suaahara (2011-2023). One of Suaahara’s four
specific intermediate results on the path to reducing undernutrition among mothers and
children is to improve access to diverse and nutrient-rich foods by women and children.
Suaahara’s HFP component is vital to achieving this result and improving food security
and nutritious diets particularly in disadvantaged communities throughout Nepal. Initially
launched in 9 highly food-insecure districts in 2012, Suaahara’s HFP interventions
expanded to include food-insecure areas in 42 of Nepal’s 77 districts by 2019 (Figure
4.1).
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HFP programs rely on village model farmers (VMFs), who, once trained, become
community-level extension workers or change agents. So, VMFs are intermediaries
between program implementers and intended beneficiaries in the communities. They
promote garden to plate (agriculture to nutrition) activities within households in their
communities. VMFs provide agricultural inputs and information to households in their
communities and teach through demonstration so that the households can increase and
diversify their production to ensure availability of nutrient-rich foods throughout the year.
In the Suaahara program, VMFs are also referred to as frontline workers as they directly
provide services to households in their communities (United States Agency for
International Development, 2015). When individuals become VMFs, they get the
opportunity to become community role models and can receive respect from peers and
local government; they receive inputs, trainings, travel, and related per-diems; and their
families benefit from changes in production and income-generation from agriculture
based on their learnings and program engagement.
HKI collaborated with local farmers and community organizations to establish
one VMF per ward (rural and urban municipalities, in the post-federalism context since
2017) (The Himalayan Times, 2017), the smallest administrative unit in Nepal at the start
of Suaahara. From 2013 to 2017, a total of 5,686 residents of the communities were
selected to be VMFs, in consultation with community government bodies. Selected
VMFs needed to be from households meeting these criteria: (1) have at least 1,000-1,200
square meters of irrigable, flood-free land in close proximity to the home; (2) centrally
located in the community, surrounded by at least 20 households with mothers in the
1000-day period (i.e., the time between conception and a child turning two years of age);
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(3) have at least one literate and numerate household member; (4) the selected individual
must be able to commit time to engage in trainings, HFP meetings, agricultural labor, and
other HFP activities; (5) show interest to become a lead farmer in his/her community; and
(6) with family members supporting him/her to fulfill his/her roles and responsibilities as
a VMF. Additionally, when possible, priority was given to mothers in the 1000-day
period or female community health volunteers (FCHV). All VMFs received a five-day
initial training to enhance their knowledge and skills on technical aspects required for
demonstration of food production techniques and leadership development which would
be required for them to motivate households to adopt good agricultural practices.
Following this, the trained VMFs received diverse vegetable seeds for three seasons
(rainy, winter, and dry) and five to ten eight-week brooded chicks to establish
demonstration areas at their homes on quality food production which aimed to create
spillover effects in their communities. During the last several years, opportunities for
further capacity building of VMFs have been made available to those who have shown
interest and readiness. These included training to specialize as a Local Resource Person
in vegetable or poultry production, business plan development and agricultural
marketing, savings and credit groups, and others. In addition, to withstand shocks, stress,
and uncertainties, select VMFs were trained on climate-smart agriculture techniques, for
example polyhouse or tunnel agriculture, solar pump irrigation, and multi-use water
system that meets both domestic and agricultural needs. Regarding additional inputs,
some VMFs who received additional training and who were producing at a larger scale
for the market were provided with chicken coop building materials, weighing scales,
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vegetables crates, drip irrigation, garden pipes, and plastic tunnels to support their farms
to be more resilient and to sell produce in local markets.
HFP programs and other nutrition-sensitive agricultural interventions have been
associated with, and in part have been successful at, improving outcomes like dietary
diversity (in Bangladesh, Cambodia and Nepal) (Dulal et al., 2017; Schreinemachers et
al., 2020; Schreinemachers et al., 2017; Schreinemachers et al., 2015a; Verbowski et al.,
2018), household food security (in Bangladesh and Nepal) (Bushamuka et al., 2005; A.
Osei et al., 2017; Talukder et al., 2010), hemoglobin levels (in Bangladesh, Burkina Faso,
Cambodia, Nepal, and Philippines) (Kennedy et al., 2017; A. Osei et al., 2017; Talukder
et al., 2010), and reduced wasting among children (in Burkina Faso and Zambia) (N.
Kumar et al., 2018; D. K. Olney, Pedehombga, Ruel, & Dillon, 2015). Quasiexperimental studies done in Bangladesh focused on long-term impacts of nutritionsensitive agricultural interventions on vegetable production and consumption three years
after the intervention ended (Baliki, Brück, Schreinemachers, & Uddin, 2019;
Schreinemachers et al., 2015a; Schreinemachers, Patalagsa, & Uddin, 2016a).
These studies are essential but understanding participation and performance of
frontline workers in nutrition-sensitive agricultural interventions is also important. To
deliver nutrition-sensitive agricultural interventions at scale, frontline workers at the
community levels can be the most convenient and sometimes only point of contact
(Lehmann & Sanders, 2007). As in health care interventions, community-level volunteers
and frontline workers are the backbone of nutrition-sensitive agricultural interventions,
who serve as channels of information, resources, and counseling in the communities.
Various studies of health systems in LMICs have shown that individual, socio-cultural,
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and contextual characteristics might be associated with performance of frontline workers
and uptake of services (Crispin et al., 2012; M. Kok et al.; M. C. Kok et al., 2017; M. C.
Kok et al., 2015). In addition, a systematic review of 140 studies performed among
frontline workers working in primary health care settings in LMICs showed that
incorporation of frequent supervision and continuous training in intervention designs can
strengthen frontline worker performance (M. C. Kok et al., 2015). Similarly, to scale up
nutrition services, frontline nutrition workers play an important role, but in LMICs, they
often lack high-quality training, are given outdated training and assessment materials, and
lack development of broader skills that would enable them to work as part of
multisectoral team (S. Gillespie, Haddad, Mannar, Menon, & Nisbett, 2013; Pelletier et
al., 2012). A study using behavior change communication to promote infant and young
child feeding practices in Bangladesh showed that frontline health workers maintained
good knowledge and fidelity to the intervention even one year after the intervention
(Avula et al., 2013). A dearth of evidence exists, however, on what and how different
demographic, socio-economic, programmatic, and contextual characteristics influence
participation and performance of frontline workers in nutrition-sensitive agricultural
interventions. Several studies on nutrition-sensitive agricultural interventions that
mobilized community-level volunteers or frontline workers have been conducted, but
these lack information on participation and performance. Low participation and
inadequate performance of frontline workers in turn harms service quality (Rowe, De
Savigny, Lanata, & Victora, 2005). Thus, understanding the determinants influencing
VMFs’ sustained participation and performance in programs is needed to improve service
provision and to inform nutrition-sensitive agricultural interventions.
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Similar to health care interventions, if nutrition-sensitive agricultural
interventions are to be made sustainable, frontline workers must have fully mastered
knowledge, skills, and practices, and have the motivation to continue using the learned
practices (Rahman et al., 2010). Sustainability of nutrition-sensitive agricultural
interventions largely depends on frontline workers as their acquired knowledge and skills
can be utilized even after outside support concludes. A recent review showed a lack of
evidence on sustainability of any impacts of nutrition- and gender-sensitive programs or
on sustainability of practices adopted or assets accrued by participants after these
programs conclude (Marie T. Ruel et al., 2018). Another study conducted in Bangladesh
showed that nutritional gains of a home garden intervention were fully sustained for at
least three years after support ended (Baliki et al., 2019). A study conducted to asses
sustainability of a nutrition-sensitive agriculture project in an urban setting showed that
participants’ nutrition knowledge remained unchanged while improved practices of
growing vegetables and raising chickens promoted by the project declined after 18
months of project completion (Nordhagen, Thiam, & Sow, 2019). Therefore, a cognizant
selection of frontline workers is necessary to sustain program participation and in turn
benefits for both the frontline workers and participants.
To our knowledge, limited studies have assessed factors that are associated with
continued VMF engagement and sustainability of nutrition-sensitive agricultural
interventions (Baliki et al., 2019; Nordhagen et al., 2019). Therefore, the aim of this
study was to examine socio-economic, demographic, and programmatic determinants
associated with active engagement of VMFs several years after being selected as VMFs
in Nepal.
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Methods
Data collection
A cross-sectional survey of Suaahara VMFs was done in 2018 and 2019 to create
a full roster of updated information on all VMFs trained by Suaahara since 2013.
Suaahara staff, based in each of the 42 implementation districts, conducted face-to-face
interviews (or phone interviews, when an in-person interview was not possible) with
VMFs. Out of a total of 5,686 Suaahara VMFs to approach, 4,750 (83.5%) were reached.
Outcome variable
An outcome variable was created based on VMF self-reported engagement in the
following four activities: 1) conduct regular HFP group meetings, 2) discuss vegetable
growing and chicken rearing practices with HFP group members, 3) engage in saving and
credit activities in the HFP group, and 4) register the HFP group at any point with the
local government, Agriculture and Livestock Service Office, which requires the VMF to
pro-actively collaborate with the local government and other stakeholders to make the
group officially eligible for support from the local government. The variable, “number of
VMF activities” was created by summing the number of these activities (0-4) in which
the VMF engages. A value of zero indicates VMFs not performing any of the four
activities and reflects no participation in the program (49%, n= 2,307). Among the four
activities, 44% (n= 2,079) of the VMFs conducted regular HFP group meetings, 38% (n=
1,783) discussed vegetable growing and chicken rearing practices with HFP group
members, 46% (n= 2,187) engaged in saving and credit activities in the HFP group, and
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16% (n= 751) registered the HFP group at any point with the local government,
Agriculture and Livestock Service Office. The sum measure reflects performance of the
VMFs, the higher the number of activities, the better was VMF’s performance. If the
VMFs perform all their assigned activities, household participants are more likely to
receive the support and guidance required for them to improve their production of
vegetables, chicken, and eggs.
Covariates
Potential socio-economic and demographic determinants were identified a priori
based on earlier studies conducted in health care systems and nutrition-sensitive
agricultural interventions in LMICs (Broaddus-Shea et al., 2020; Panday et al., 2019;
Rahman et al., 2010). Those constructed as categorical variables were: gender (male,
female), caste (socially excluded, advantaged), being a female community health
volunteer (no, yes), current 1000-day household (no, yes), residing in a disaster-prone
district (no, yes), education (none, primary, secondary, and higher), equity quintile (1, 2,
3, 4, 5) to measure socio-economic status (Fry K. et al., 2014), years since the first VMF
training (at least 4, 5, or 6 years ago), agricultural land size (at least 0.5 hectares, less than
0.5 hectares), and agro-ecological zone (mountains, hills, and Terai (plains)). Socially
excluded caste groups consisted of Dalits, Muslims, and disadvantaged Janajatis while
advantaged caste groups consisted of Brahmins/Chhetri, Gurung/Thakali, Newar, and
non-Dalit Terai caste based on the caste/ethnicity defined by the Government of Nepal
Health Information and Management System (Banstola & Banstola, 2015). Disasterprone districts were determined based on a report by the Government of Nepal and
included landslides, floods, wildfires, and lightning from 2008 to 2019 and also included
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the earthquake in 2015 (Government of Nepal, 2015, 2020a; Nepal Red Cross Society,
2019). Agricultural land size was categorized to compare subsistence and small
commercial farmers versus smallholders, based on the classification used by the
Government of Nepal (Ministry of Agricultural Development, 2014).
Continuous variables were age (in completed years), household size (in persons),
a sum of the number of additional trainings beyond the basic introductory training (0-6),
and a sum of the number of additional inputs received (0-6). Additional trainings
considered were VMF capacity building, savings and credit and group management,
business, local resource person, seed production, and post-harvest handling. Similarly,
additional inputs received were those that went beyond the basic package of three packets
of seeds and five to ten chicks: saplings of mango trees, banana, and papaya as per the
agro-ecological zones, coop construction materials, farm materials, marketing promotion
materials, hatchery machine, and solar dryer to improve existing traditional open drying
practices, which often are not hygienic, safe, and time consuming (used mostly for radish,
tomatoes, cauliflower, and broadleaf mustard).
Statistical analysis
Adjusted odds ratios (AOR) and respective 95% confidence intervals (CI) were
estimated to test associations between the outcome variable and the hypothesized
determinants using an ordinal logit regression model as the outcome variable is ordinal.
First, we ran a proportional odds model (using the command ologit in Stata) with the
assumption of odds ratios being the same across categories. Second, since the
proportional odds assumption may not strictly hold, we ran a generalized ordered logit
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model (using the command gologit2 in Stata) that relaxes the proportional odds
assumption (R. Williams, 2006; Richard Williams, 2016). We accounted for clustering
and modeled the determinants identified a priori.
Finally, to identify patterns of characteristics that distinguish VMFs working
actively in the HFP program from those who are less active, a tree-based partitioning
analysis, called classification and regression tree (CART) was used (Breiman et al.,
1984). In addition, CART analysis provides insight into possible interactions among the
most useful variables for determining active engagement of the VMFs. A regression tree
is constructed by recursively partitioning the data (Loh, 2002). Beginning with the whole
sample as one group, the procedure selects from all variables the one variable and the one
cutoff for that variable that best splits the group into 2 subgroups, maximizing differences
on the outcome, in this case, number of VMF activities. At each stage, the binary
partition that minimizes the total sum of the squared errors (SSE) is selected. Splitting
stops if the fractional decrease in total SSE is less than a pre-specified value or if the
sample size is too small. Eventually we come to a terminal node (also called leaf), where
we make a prediction. This process results in a tree with a ‘‘root node’’ (full sample)
from which ‘‘branches’’ emerge and ‘‘derivative nodes’’ at each point where a subgroup
is further split until there are ‘‘terminal nodes’’.
To obtain a regression tree, we used the “crtrees” command in Stata version 14.2.
Since all the variables were theoretically important in explaining the variation in the
VMF activity, we included all the variables to construct regression trees. Since the shape
of the regression trees and coefficients were slightly different for each time we ran the
command, we created ten regression trees to observe the patterns of split and
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development of terminal nodes. For the final interpretation, we selected a tree that was
generally representative of the trees, simple, easily interpretable, and more generalizable.
All analyses were performed using Stata version 14.2 (StataCorp, Texas).
Ethical approval
Ethical approval for the study was provided by the Nepal Health Research
Council as part of Suaahara’s monitoring system ethical review (Reg. No: 197/2018).
Participants were briefed about the purpose of the study. Participation was voluntary and
consent was obtained before the start of each interview.
Results
Almost all VMFs were women (95%) and their mean age was 35 years (Table
4.1). Two-fifths of the VMFs had some or completed secondary education. More than
half of the VMFs were from advantaged caste groups and two-fifths were residing in
households in the lowest equity quintile. The majority of VMFs were smallholder farm
households (land size < 0.5 ha). About half of the VMFs lived in disaster-prone districts
(52%) and in the hills of Nepal (54%). The mean number of additional trainings and
inputs received were 1.3 and 0.7, respectively.
Among the VMFs who participated in the study and were interviewed, the mean
number of VMF activities was 1.4 (Table 4.1). The mean number of VMF activities for
those who had higher education was 1.6. If the VMF was a FCHV, the mean number of
VMF activities was 1.7 compared to 1.4 if she was not. VMFs from advantaged caste
groups performed a higher average number of VMF activities (1.5) than VMFs from
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disadvantaged caste groups (1.3). The mean number of activities of VMFs from poor and
middle equity quintile households was 1.5 and that of VMFs from the richest households
was 1.2. If the total agricultural land size was less than 0.5 hectares (near landless
farmers), the average number of VMF activities was 1.4 compared to 1.5 if they had at
least 0.5 hectares of agricultural land.
In the adjusted proportional odds model, several socio-economic and
demographic covariates were associated with people continuing to work actively as a
VMF after their training (Table 4.2). Compared to VMFs without education, those that
had completed primary and secondary education had 1.39 times greater odds of being
more active (i.e., performing more activities). If the VMF was a FCHV, the odds of being
more active were 1.27 times higher. VMFs from advantaged caste groups had 1.34 times
the odds of being more active as compared to VMFs from disadvantaged caste groups.
VMFs living in disaster-prone districts had higher odds of being more active than VMFs
not living in disaster-prone districts. For each number of additional trainings and inputs
received, VMFs were more likely to be active.
To examine the odds ratios for each threshold (i.e., number of activities), we also
ran a generalized ordinal logistic regression model that estimated the associations of
socio-economic and demographic determinants at each threshold (Table 4.3). This
showed the odds ratios for VMFs: with higher education, from advantaged caste groups,
trained at least 5 or 6 years ago (as compared to 4 years), and living in disaster-prone
areas were greater with performing higher number of VMF activities than lower number
of activities.
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The first variable selected was the number of additional trainings received and
was split as the VMFs who received only one additional training and those who received
more than one additional training (Table 4.4). The important variables in predicting VMF
activity score among those VMFs receiving only one additional training were number of
additional inputs received, agro-ecological zones, year since receiving first VMF training,
and disaster-prone district. The mean VMF activity score for those with one additional
training, some inputs received, and received their first training six years ago was 2.2
compared to 1.5 for those received their trainings five years or less. If the VMFs had one
additional training, no additional inputs received, and residing in hills or Terai, the mean
VMF activity score was 0.8. VMFs living in disaster-prone districts, in mountains, did
not receive any additional inputs, and received only one additional training had a mean
activity score of 1.9 (Figure 4.1).
The important variables that predicted VMF activity score among those receiving
more than one additional training included more trainings received, agro-ecological zone,
whether the VMF is an FCHV, and education. VMFs who received four or more
additional trainings had a mean VMF activity score of 2.9. When the VMFs had less than
three additional trainings, residing in mountains or hills, and were also working as
FCHVs, the mean VMF activity score was 2.7. If the VMF was not working as a FCHV
but had education level of primary or above, residing in mountains or hills, and receiving
less than three additional trainings, the mean VMF activity score was 2.1 compared to 1.4
if the VMF did not have any education. The regression tree explained 15.1% of the
variance in VMF activity score (Figure 4.1).
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Discussion
This study examined several demographic, socio-economic, and programmatic
determinants of sustained participation and performance of frontline workers in a
nutrition-sensitive agricultural program that has been implemented in Nepal for more
than a decade. Higher levels of education, being a female community health volunteer,
being from an upper caste household, and having received more additional trainings and
inputs were associated with more active participation among VMFs retained in the HFP
program. These determinants can be important considerations, along with ways to
support more vulnerable households from disadvantaged caste, less educated, and poorer
households, for successful implementation at a large scale and sustainability of nutritionsensitive agricultural interventions.
Education has been shown to be important for uptake of new information and
improved performance among frontline workers. Improved nutrition education
competencies among agriculture extension workers enable them to perform well in multisectoral nutrition policy contexts (Shimali, Najjingo Mangheni, & Kabahenda, 2021). In
this study, higher education of VMFs was associated with higher chances of working
actively and performing more VMF activities in the program. The most likely reason is
that education enables the VMFs to better understand the importance of their work so that
they continue to be actively involved in the program. In addition, they might better
inculcate the knowledge and better utilize the inputs than those that are less educated,
which can further enhance their active participation and performance. For community
health volunteers in Nepal and Bangladesh, education is one of the key reasons for their
continued willingness to work as volunteers and has enabled them to take care of
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themselves as well as other households in their communities (Panday et al., 2019;
Panday, Bissell, van Teijlingen, & Simkhada, 2017; Rahman et al., 2010). In addition,
community health volunteers’ lower level of education can limit them to communicate
the importance of healthcare messages to mothers (Panday et al., 2019). In Uganda, less
educated community health workers have lower community acceptance (Okuga,
Kemigisa, Namutamba, Namazzi, & Waiswa, 2015), which necessitates to have a higher
level of education among community frontline workers to have sustained participation
and better performance in their jobs. Interventions, however, should also focus on
methods to improve knowledge and enhance skills of the less educated frontline workers
in the communities so that the interventions can be effective in achieving their targeted
goals and reducing social inequities.
FCHVs have been Nepal’s frontline health workers in communities, promoting
health, delivering health services, and collecting and reporting data to health facilities
since the 1980s (Khatri, Mishra, & Khanal, 2017). FCHVs have a remarkable reputation
in supporting the health system and making health interventions successful (Kandel &
Lamichhane, 2019). Our study showed VMFs who were also FCHVs were more likely to
work actively as a VMF and performed more activities. People know and trust FCHVs
because they are from the same communities (Kandel & Lamichhane, 2019; Lee, 2020),
which make them favorable conduits to implement interventions. FCHVs seem able to
apply their experience in community engagement and use this to successfully implement
the HFP program (Betron et al., 2020; Panday et al., 2017). For instance, it may be a
natural next step for FCHVs to share information and resources for how to grow and
consume nutritious foods, as they are already promoting good health and nutrition
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practices including dietary diversity in the communities. Nevertheless, program
implementers should be cautious not to overburden FCHVs (Khatri et al., 2017).
Caste has been a long-standing organizing system for Nepalese society and the
values and relationships among caste groups are deep-rooted in the local society
(Bennett, Dahal, & Govindasamy, 2008; Jodhka, 2018; Pal, 2020). People from
disadvantaged caste groups such as Dalits face constraints such as lack of land and can be
bonded laborers for better-off households reflecting social inequities (Broaddus-Shea et
al., 2020; Malik, 2019). To empower the vulnerable groups including the poor, less
educated, and socially disadvantaged groups and reduce the inequity gap, it is crucial for
nutrition-sensitive programs to understand the social constraints and challenges they face
and provide them motivation, additional trainings, and inputs as per their needs. Selecting
people from disadvantaged caste groups as frontline workers may mean that the desired
outcomes will take longer to achieve (Schaaf, Warthin, Freedman, & Topp, 2020). In
Uganda, low social status of community health workers hindered their delivery of
services to communities (Okuga et al., 2015). To achieve the targeted goals, programs
should help to gradually overcome the constraints and challenges by increasing selfconfidence, timely supervision, and support from program staff to the workers having
low social status.
Training events are meant to empower and increase the VMFs’ knowledge and
skills, particularly related to agriculture, whereas the provision of inputs help them to
convert this into practice, especially when there are resource constraints. Suaahara-II
provided some VMFs with additional trainings related to savings and credit and group
management, business development, becoming a local resource person, seed production,
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and post-harvest handling. In addition, VMFs in the same communities were also
connected with each other, and with supply-chain actors and the local government. These
activities along with the trainings and post training follow-ups might have enhanced
VMFs’ confidence level, which enabled them to work more actively. Since those VMFs
who were already actively working might have become more interested and have sought
additional trainings and inputs, a reverse causality might be a possibility, warranting a
careful interpretation of the results. Similarly, frontline farmer volunteers in Kenya
believed that capacity building through training workshops and provision of training
materials were important for improving their performance (Kiptot & Franzel, 2015).
Likewise in Bangladesh and Vietnam, training along with supervision and mass media
exposure contributed to improved frontline health workers’ service delivery by enhancing
their knowledge and motivation (Nguyen, Kim, Tran, Menon, & Frongillo, 2019). In
some locations in Nepal, local governments mobilize trained VMFs as agricultural
facitators to disseminate climate-smart agricultural practices. In addition, in some
districts, trained VMFs are serving as community frontline workers for other
development projects working to improve access to technologies, inputs, credit, and
extension services. Such recognition of Suaahara VMFs might also motivate them to
continue working actively and perform well as VMFs in their communities.
To our knowledge, this is the first study, to analyze the socio-economic and
demographic determinants of VMFs remaining actively engaged in a nutrition-sensitive
agriculture program multiple years after being selected and trained. The cross-sectional
nature of the data allows us to identify associations but does not firmly prove causality
between covariates and outcomes. Social desirability bias might have affected the
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responses, particularly regarding whether the VMFs remained engaged in all the four
activities. As we did not have information among those who dropped out of the program,
we could not explore the reasons why those VMFs did not continue to work. In addition,
being a rapid survey, we collected information only on the four activities performed by
the VMFs to measure “active participation”, which, although perhaps not adequate,
indicates that by performing these activities a VMF continues to actively serve
households in the communities. In-depth study of these activities, for example, how long
the meetings were held, which topics were discussed more frequently, and how VMFs
resolved the issues arose during the meetings might have helped to understand their
active participation in the HFP program. In addition to the study of activities performed
by the VMFs, future research on sharing information on homestead food production and
demonstrating in real field set-ups to the households by the VMFs could help understand
their sustained and active engagement into large nutrition-sensitive agriculture
interventions. Finally, several factors including time and resource allocation, social
support, and irrigation which were not measured and might have been associated with the
outcome (Broaddus-Shea et al., 2020).
Further research using in-depth interviews might be helpful to understand how the
identified determinants help to sustain the participation and performance of frontline
workers in nutrition-sensitive agricultural interventions including HFP. Future research
on how and over what period of time the frontline workers use their knowledge and skills
honed by participating in nutrition-sensitive agricultural interventions might help
understand sustainability of such interventions (Baliki et al., 2019; Nordhagen et al.,
2019). Additional research is necessary to measure the performance of the VMFs from

74

the participants’ perspectives, what they think about the services provided by the VMFs
in their communities, as done by a study among health care frontline workers in
Bangladesh and Vietnam (Nguyen et al., 2019). Examining the determinants of working
actively as VMFs might not be sufficient for implementation and scale up of nutritionsensitive interventions since implementers and government are also interested in the cost
and benefits of involving VMFs in nutrition-sensitive agriculture programs, which
necessitates cost effectiveness studies of such programs.
Conclusion
Higher education, advantaged caste, being a female community health volunteer,
and receiving additional trainings and inputs are characteristics associated with frontline
workers’ sustained participation and performance, which, in turn, are necessary for
improved service provision and to inform nutrition-sensitive agricultural interventions at
scale. Program implementers need to consider these characteristics along with the
physical and social environment while designing nutrition-sensitive agricultural
interventions at scale. In addition, methods are necessary to improve knowledge and
enhance skills of less educated, poorer, and disadvantaged caste frontline workers in the
communities so that the interventions can be effective in reaching wider population and
reducing social inequities. Selecting community health volunteers or frontline workers as
VMFs might help achieve intervention goals as these people are more likely to continue
to participate and remain actively engaged in the program many years after the training.
Besides the basic training and inputs given to the VMFs at the start of the intervention,
the provision of additional training and inputs at regular intervals contributes to VMFs
remaining actively engaged.
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Table 4.1 Characteristics and descriptive analyses of active engagement of village model
farmers enrolled in a Homestead Food Production program and currently present in the
communities in Nepal
Number
of
VMFs
Overall
Gender
Female
Male

4750

Age (in years)
Education
No education
Some/completed Primary (grades 1-5)
Some/completed Secondary (grades 6-10)
Some/completed higher education
VMF also a Female Community Health
Volunteer
No
Yes
Caste
Advantaged
Disadvantaged
Equity quintile
Poorest
Poor
Middle
Rich
Richest
Current 1000-day household
No
Yes
Total agricultural land size
At least 0.5 hectares
Less than 0.5 hectares (near landless
farmers)
Household size (range:1-42)
Having been selected as a VMF at least
4 years ago
5 years ago

4750

6 years ago
VMF lives in disaster-prone districts
No

%/mean
(SD)

Number of VMF
activities
Mean
P-valuea
(SD)
1.4 (1.5)
0.001

4509
241

94.9
5.1
35.1
(10.0)

1.4 (1.5)
1.1 (1.5)
0.462b
-0.01
<0.001

1161
1133
1936
520

24.4
23.9
40.8
10.9

1.2 (1.5)
1.5 (1.5)
1.5 (1.6)
1.6 (1.6)
<0.001

4048
702

85.2
14.8

1.4 (1.5)
1.7 (1.6)
<0.001

1923
2827

40.5
59.5

1.5 (1.6)
1.3 (1.5)
0.013

1898
1301
960
490
101

40.0
27.4
20.2
10.3
2.1

1.4 (1.5)
1.5 (1.5)
1.5 (1.6)
1.4 (1.6)
1.2 (1.6)
0.797

4336
414

91.3
8.7

1.4 (1.5)
1.4 (1.5)
0.607

1030

21.7

1.5 (1.5)

3720
4750

78.3
7.1 (3.8)

1.4 (1.5)
-0.04

1853
1637
1260

39.0
34.5
26.5

1.3 (1.4)
1.3 (1.6)
1.7 (1.6)

0.003b
<0.001

<0.001
2299

84

48.4

1.2 (1.4)

Yes
Agro-ecological zones
Terai (Plains)
Hills
Mountain
Number of additional trainings received score
(range: 0-6)
Number of additional inputs received score
(range: 0-6)

2451

51.6

1.6 (1.6)
<0.001

672
2581
1497

14.2
54.3
31.5

1.0 (1.4)
1.4 (1.5)
1.7 (1.6)
<0.001b

4750

1.3 (0.9)

0.26
<0.001b

4750

0.7 (0.9)

Abbreviations: SD, standard deviation
a
ANOVA test
b
Pairwise correlation coefficient and corresponding p-value
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Table 4.2 Associations between socio-economic and demographic determinants and
active engagement of village model farmers in a Homestead Food Production program in
Nepal, results from ordinal logistic regression model (N=4750)
Number of VMF activities
AOR (95% CI)

P-value

Gender (female, male=ref)

1.48 (0.92, 2.40)

0.109

Age (years)

1.01 (1.00, 1.02)

0.082

Some/completed Primary (grades 1-5)

1.39 (1.10, 1.75)

0.006

Some/completed Secondary (grades 6-10)

1.39 (1.11, 1.76)

0.005

Some/completed higher education

1.29 (0.98, 1.70)

0.067

1.27 (1.08, 1.50)

0.003

1.34 (1.12, 1.60)

0.001

Poor

0.99 (0.84, 1.18)

0.922

Middle

0.96 (0.76, 1.21)

0.715

Rich

0.92 (0.69, 1.23)

0.582

Richest

0.77 (0.48, 1.21)

0.253

1.02 (0.86, 1.21)

0.826

0.95 (0.82, 1.10)

0.490

1.00 (0.98, 1.02)

0.907

5 years ago

1.00 (0.64, 1.56)

0.989

6 years ago

1.59 (0.66, 3.86)

0.301

1.43 (0.99, 2.08)

0.058

Hill

1.48 (0.58, 3.80)

0.415

Mountain

Education (no education=ref)

VMF also an FCHV (no=ref)
Caste (disadvantaged=ref)
Advantaged
Equity quintile (poorest=ref)

Current 1000-day household (no=ref)
Total agricultural land size (less than 0.5 hectares=ref)
At least 0.5 hectares
Household size
Having been selected as a VMF at least (4 years ago=ref)

VMF lives in disaster-prone districts (no=ref)
Agro-ecological zones (Terai (Plains)=ref)

1.58 (0.86, 2.91)

0.142

Number of additional trainings received

1.56 (1.33, 1.83)

<0.001

Number of additional inputs received

1.31 (1.11, 1.54)

0.001
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Table 4.3 Associations between socio-economic and demographic determinants and greater active engagement of village model
farmers in a Homestead Food Production program in Nepal, results from generalized ordered logistic regression model (N=4750)
0 vs 1, 2, 3, & 4 activities
PAOR
value
Gender (female, male=ref)
Age (years)
Education (no education=ref)

0 & 1 vs 2, 3, & 4 activities

0, 1, & 2 vs 3 & 4 activities

AOR

P-value

AOR

P-value

0, 1, 2, & 3 vs 4 activities
PAOR
value

1.64 (1.03, 2.63)
1.00 (0.99, 1.01)

0.038
0.371

1.79 (1.08, 2.99)
1.01 (1.00, 1.01)

0.025
0.160

1.10 (0.67, 1.79)
1.00 (0.99, 1.01)

0.716
0.405

1.28 (0.66, 2.46)
1.02 (1.00, 1.03)

0.467
0.019

Some/completed Primary
(grades 1-5)

1.42 (1.08, 1.86)

0.011

1.54 (1.20, 1.98)

0.001

1.29 (1.01, 1.65)

0.04

1.14 (0.77, 1.69)

0.522

Some/completed Secondary
(grades 6-10)

1.38 (1.07, 1.79)

0.013

1.47 (1.14, 1.89)

0.003

1.25 (0.97, 1.61)

0.089

1.31 (0.89, 1.92)

0.169

1.33 (0.98, 1.81)
1.25 (1.03, 1.52)

0.07
0.021

1.34 (0.98, 1.84)
1.26 (1.00, 1.58)

0.069
0.049

1.10 (0.81, 1.50)
1.41 (1.18, 1.68)

0.535
<0.001

1.18 (0.83, 1.67)
1.09 (0.82, 1.45)

0.352
0.567

1.25 (1.04, 1.50)

0.015

1.31 (1.09, 1.56)

0.004

1.43 (1.16, 1.75)

0.001

1.59 (1.20, 2.12)

0.001

1.04 (0.86, 1.26)
0.97 (0.74, 1.27)
0.96 (0.66, 1.38)
0.71 (0.48, 1.05)

0.66
0.836
0.81
0.088

1.01 (0.84, 1.23)
0.96 (0.73, 1.26)
0.92 (0.65, 1.32)
0.6 (0.37, 0.98)

0.886
0.772
0.667
0.043

1.00 (0.81, 1.23)
1.03 (0.82, 1.29)
0.99 (0.72, 1.37)
0.91 (0.46, 1.79)

0.964
0.799
0.952
0.787

0.86 (0.60, 1.24)
0.83 (0.59, 1.16)
0.76 (0.49, 1.18)
0.9 (0.44, 1.84)

0.420
0.278
0.214
0.781

1.01 (0.84, 1.23)

0.88

1.01 (0.83, 1.23)

0.886

1.01 (0.84, 1.20)

0.951

0.93 (0.68, 1.28)

0.664

1.00 (0.81, 1.23)
1.00 (0.98, 1.03)

0.985
0.713

0.87 (0.71, 1.07)
1.00 (0.98, 1.02)

0.183
0.875

0.89 (0.75, 1.07)
1.00 (0.98, 1.02)

0.225
0.942

0.88 (0.70, 1.11)
0.99 (0.96, 1.01)

0.294
0.361

Some/completed higher
education
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VMF also an FCHV (no=ref)
Caste (disadvantaged=ref)
Advantaged
Equity quintile (poorest=ref)
Poor
Middle
Rich
Richest
Current 1000-day household
(no=ref)
Total agricultural land size (less
than 0.5 hectares=ref)
At least 0.5 hectares
Household size

Having been selected as a VMF at
least (4 years ago=ref)
5 years ago
6 years ago
VMF lives in disaster-prone
districts (no=ref)

0.82 (0.49, 1.35)
1.63 (0.67, 3.95)

0.432
0.282

0.94 (0.57, 1.57)
1.65 (0.67, 4.05)

0.818
0.273

1.11 (0.71, 1.73)
1.76 (0.72, 4.32)

0.655
0.218

2.75 (1.39, 5.45)
2.26 (1.03, 4.96)

0.004
0.043

1.10 (0.72, 1.67)

0.664

1.31 (0.87, 1.99)

0.200

2.08 (1.40, 3.09)

<0.001

2.28 (1.40, 3.74)

0.001

1.24 (0.44, 3.49)
1.37 (0.6, 3.15)

0.682
0.453

1.3 (0.48, 3.54)
1.19 (0.52, 2.70)

0.608
0.679

2.1 (0.83, 5.32)
1.03 (0.46, 2.28)

0.119
0.949

1.28 (0.6, 2.73)
0.73 (0.43, 1.24)

0.520
0.246

1.55 (1.30, 1.84)

<0.001

1.55 (1.28, 1.86)

<0.001

1.52 (1.27, 1.81)

<0.001

1.66 (1.43, 1.93)

<0.001

1.48 (1.21, 1.82)

<0.001

1.48 (1.19, 1.85)

0.001

1.29 (1.09, 1.52)

0.003

1.01 (0.84, 1.21)

0.933

Agro-ecological zones (Terai
(Plains)=ref)
Mountain
Hill
Number of additional trainings
received
Number of additional inputs
received
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Table 4.4 Summary of variables from a regression tree for active engagement of village model farmers in a Homestead Food
Production program in Nepal
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Number of
additional
trainings
received
More than one
More than one
One
More than one
One
One
More than one
More than one
One
One

Number of
additional
trainings
received
>3.5 (4 to 6)
≤3.5 (2 to 3)
≤3.5 (2 to 3)
≤3.5 (2 to 3)
≤3.5 (2 to 3)
-

Number of
additional
inputs
received
1 or more
None
1 or more
None
None

Agro-ecological
zone
Mountain or Hills
Mountain or Hills
Mountain
Terai
Mountain or Hills
Mountain
Hills or Terai

Duration
since first
VMF training
received
6 years
≤5 years
-

VMF lives in
a disasterprone district
Yes
No
-

Active
engagement
of VMFs,
Education
FCHV
Mean
2.9
Yes
2.7
2.2
Primary or above No
2.1
1.9
1.5
1.4
None
No
1.4
1.2
0.8

Figure 4.1 Regression tree for active engagement of village model farmers in a
Homestead Food Production program. The sample size in each node includes only those
in the learning sample, ~50% of the total sample size in the root node. FCHV, Female
Community Health Volunteer.
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4.2 Manuscript 2
Use of improved gardening and poultry-raising practices is associated with increased
vegetable and poultry production in Nepal2

2

Bhandari, S., Frongillo, E.A., Suwal, R., Schreinemachers, P., Gupta, A.S., Blake, C.E., Tiwari, N.P.,
Cunningham, K. To be submitted.
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Abstract
Objective: Nutrition-sensitive agriculture interventions often intend to improve
household production of vegetables, fruits, and small livestock by promoting improved
gardening and poultry-raising practices along with low-cost but easy to adopt
technologies. We investigated whether use of improved gardening and poultry-raising
practices was associated with increased household vegetable and poultry production
among households in Nepal.
Methods: We used cross-sectional monitoring data collected from 3,635 households in
16 districts in 2017 through Suaahara-II, an integrated nutrition program in Nepal.
Improved gardening and poultry-raising practice scores were created by summing
improved gardening and poultry-raising activities promoted by the program. Vegetable
production was assessed using: (i) a vegetable production diversity score (0 to 5),
generated by categorizing 35 vegetables produced into 5 groups and summing them:
dark-green leafy vegetables (DGLV), other vitamin A-rich vegetables, beans and pulses,
roots and tubers, and other vegetables, and (ii) quantity produced (kg). Poultry production
was assessed by counting the number of chickens and eggs produced in the households in
the month prior to data collection. Linear mixed-effects and left-censored regression
models were used to examine the associations between the practices and production.
Results: Average vegetable production diversity, quantity of all vegetables produced,
number of eggs produced, and number of chickens produced were 3, 197 kg, 6, and 8,
respectively. Vegetable production diversity and quantity of different groups of
vegetables were greater for those households performing a greater number of improved
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gardening practices. as well as egg and chicken production and poultry-raising practices
respectively. Engaging in a higher number of improved poultry-raising practices
predicted greater number of egg and chicken production.
Conclusion: The use of improved gardening and poultry-raising practices was associated
with greater vegetable and poultry production among households. When designing largescale nutrition-sensitive agriculture programs, providing trainings, but also inputs to the
farming households to support their adoption of these improved practices will be critical
for ensuring increased and more diverse production.
Introduction
Malnutrition remains a challenge in low- and middle-income countries despite
several nutrition initiatives and stronger political will among countries than before
(Development Initiatives, 2021). A major cause of preventable malnutrition and dietrelated non-communicable diseases is a lack of diverse and healthy diets (minimally or
un-processed foods that are very high in nutritional contents) (Li et al., 2020). Healthy
diets are difficult for some individuals to obtain because of their gender, ethnicity or
caste, socio-economic status, and land rights or access (IFPRI, 2020). Lack of availability
of resources such as seeds, fertilizers, or markets often present additional obstacles
(IFPRI, 2020). In addition, people living in remote areas and urban slums might have
limited availability and accessibility of nutrient-rich foods partly due to dysfunctional
food supply chains that cannot handle highly perishable food items. These issues of
availability and accessibility are aggravated by the limited trainings and inputs people get
in such communities (Fidelugwuowo, 2020; Khapayi & Celliers, 2016). Promotion of
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improved production-related practices along with provision of inputs and trainings would
enable them to produce nutritious foods for their own consumption and sometimes sell to
generate additional income (Nordhagen & Klemm, 2018).
Making nutrient-rich foods more affordable, accessible, and available to needy
individuals is challenging and requires co-ordination among several sectors. One way to
increase availability, accessibility, and affordability of nutrient-rich foods is by
promoting homestead gardens (also referred to as kitchen gardens, home gardens, or
household gardens) (Marie T. Ruel et al., 2018). The likelihood of consumption of
nutrient-rich foods increases if households produce these foods (P. Mulmi & Masters,
2017). Household production among small-holder farmers is crucial for those who cannot
afford the cost of nutrient-rich foods in the markets or shops or where markets or shops
are inaccessible (Biehl et al., 2016; Hirvonen et al., 2020). Promotion of household
production of nutrients-rich vegetables, fruits, and small livestock can improve dietary
quality of foods (in Bangladesh, Cambodia and Nepal) (Dulal et al., 2017;
Schreinemachers et al., 2020; Schreinemachers et al., 2017; Schreinemachers et al.,
2015a; Verbowski et al., 2018), household food security (in Bangladesh and Nepal)
(Bushamuka et al., 2005; A. Osei et al., 2017; Talukder et al., 2010), hemoglobin levels
(in Bangladesh, Burkina Faso, Cambodia, Nepal, and Philippines) (Kennedy et al., 2017;
A. Osei et al., 2017; Talukder et al., 2010), and reduced wasting among children (in
Burkina Faso and Zambia) (N. Kumar et al., 2018; D. K. Olney et al., 2015). In addition,
household production could provide opportunity for small income generation and women
empowerment (Balz et al., 2015; Marie T. Ruel et al., 2018).
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Little is known on whether improving production-related practices among people
in the communities translates into improved production of nutrients-rich foods (Marie T.
Ruel et al., 2018). A study using nutrition-sensitive agriculture project implemented in
Ethiopia, Kyrgyzstan, Nepal, Pakistan, and Peru showed an increase in dietary diversity
of women through improved production but could not examine the relationship between
promoted production-related practices and production (Bernet et al., 2018). A recent
study involving randomized controlled trials in Kenya, Tanzania, and Uganda reported
intermediate outcomes like training participation, vegetable production techniques, and
vegetable production in addition to primary nutrition outcomes like dietary diversity, but
did not examine the association between the adoption of production techniques and
vegetable production (Depenbusch et al., 2021). A project conducted in four African
countries showed the importance of improved poultry-raising practices in egg and
chicken production but did not study the relationship between improved practices and
poultry production (Nordhagen & Klemm, 2018). Production-related practices along with
trainings, inputs, and awareness-creation activities are important to promote improved
food production diversity and consumption choices (Bernet et al., 2018; Marie T. Ruel et
al., 2018). In addition, Government of Nepal has also identified the need for improved
agricultural practices and animal husbandry practices to achieve higher productivity and
household food security in the country (Ministry of Agricultural Development, 2014).
The present study contributes to this nutrition-sensitive agriculture literature by
studying the association between gardening and poultry-raising practices and diverse
vegetables, eggs, and chicken production among households from disadvantaged
communities in Nepal. This study helps to understand how the promotion of improved
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gardening and poultry-raising practices can improve production of vegetables, egg, and
meat in the context where a nutrition-sensitive agriculture intervention has been
implemented for several years. To achieve this aim, we used the data collected by
Suaahara-II among the households located in the districts where homestead food
production (HFP) program, a nutrition-sensitive agriculture intervention, has been
implemented. We hypothesized that households performing a greater number of
improved gardening and poultry-raising practices produced more diverse and greater
quantity of vegetables and more chicken and eggs than those performing a smaller
number of the ideal agricultural practices.
Methods
Setting
Suaahara, a multi-sectoral program, has been implementing HFP program in 42
out of the 77 districts in Nepal for the improved access to diverse and nutrient-rich foods
by women and children (Figure 4.1). Therefore, HFP program has been promoting
improved gardening and poultry-raising practices along with training and inputs to
increase availability of diverse vegetables, egg, and chicken throughout the year.
Implementation of nutrition-sensitive agriculture interventions like HFP increases the
likelihood of promotion of knowledge on methods, practices, food production,
consumption, and nutrition in the communities (Bernet et al., 2018). Although these
interventions target specific households or individuals to improve knowledge on
production-related practices, neighboring people might imitate the practices performed
and seek support, resulting in a greater adoption of practices in the communities
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compared to where interventions have not been implemented (Boedecker et al., 2019;
Dillon et al., 2020). Some individuals get motivated to adopt the production-related
practices while other do not, resulting in a greater variability in adoption of the practices.
This variability helps to investigate whether engaging in more improved productionrelated practices translates to a greater production of quantity and diversity of nutrientsrich foods.
Data collection
The present study utilized data collected from the Suaahara-II monitoring survey
in 2017. We used only the monitoring data collected in 2017 because the subsequent
rounds of monitoring data collected in 2018 and 2019 lacked detailed information on
production-related practices. In addition, the earlier monitoring data collected from 2011
to 2016 was led by a different organization than HKI and the monitoring system was
different. A local Nepali firm, New Era, recruited a team of 105 field staff, including 6
quality controllers, 20 supervisors, and 59 enumerators for the data collection. All the
field staff were trained to familiarize with the survey objectives and tools. The training
included detailed explanations of the survey objectives and design including multi-stage
sampling and selection of households and appropriate informed consent and interviewing
methods. Each question of every module was discussed, and skip patterns, filtering, and
probing techniques were explained. Enumerators were also trained in how to collect data
using android phones, using ‘Ona’, an offline data collection application. Face-to-face
interviews were done. Once the data was collected and reviewed by the supervisor, the
enumerator synced the data to the Ona server. During data collection, field team
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supervisors regularly reviewed the data collected by the enumerators prior to syncing the
data to the online database.
According to the type of questionnaires (such as household, mothers, child, etc.)
response from multiple respondents were recorded in the survey. For this study,
information on homestead food production was collected from mothers of children under
five years old since the HFP program has been targeting mothers. Information on
households and communities was collected from the household heads or mothers (if they
were the household heads).
Sampling
A multi-stage stratified cluster sampling design was used to collect the data and
has been described in detail elsewhere (HKI, 2018). In brief, the first-stage sampling
units were districts (n=16). The second-stage sampling units were municipalities (1 urban
and 1 rural per district, excluding the district headquarter municipality n=32). The thirdstage sampling units were new wards (3 per municipality, n=96). The fourth-stage
sampling units were old wards (2 per new ward, n=192) (because of larger size of new
wards data collection was logistically challenging, therefore, old wards were selected).
The final-stage sampling unit was households with children under 5 years of age (19 per
old ward, n=3,648). The first four stages were conducted using probability proportional
to size techniques. For the fifth stage, households with a child under 5 years and a mother
living in the same house were selected randomly.
In the selected old wards, a listing of households was conducted which contained
information about the name of the household head, whether the household has a child
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under 5 years or not, and if yes, the name of the mother of the child. From the list of all
households, a list of households having a child under 5 years of age and the child’s
mother residing together was prepared and 19 households were randomly selected for
inclusion in the survey, by drawing names from a hat. If there was an insufficient number
of eligible households in the selected old ward, the same procedures were followed in the
adjoining old ward to select the remaining required households.
Sample size
Suaahara-II survey collected information on homestead food production among
households in addition to information on maternal and child health, dietary practices,
empowerment, and other household information. Among the 3,643 households enrolled
in the survey, 3,635 households had complete information, therefore, used as the final
sample in the analyses.
Exposure variables
We had two separate exposure variables:
Improved gardening practices score: Gardening practices were determined by assessing
the following six activities, a few of which were observed by the interviewers, and some
were reported by the respondents: (i) growth of vegetables in a dedicated plot (ii) growth
of vegetables within a fenced area; (iii) use of organic manure in the last agricultural
season; (iv) use of bio-pesticides (prepared from locally available resources) in the last
agricultural season; and (v) use of irrigation. If the respondents reported practice of the
activities, a score of 1 was given for each, otherwise 0 was given. Then, we created a
total score by summing the individual scores for each practice (range 0 to 5). Higher
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score reflected better gardening practices, which could result in improved production of
vegetables. Among the ideal and improved gardening practices promoted by the HFP
program in the communities of Nepal, these were the ones included in the survey.
Adopting only one practice might not suffice for improved and diverse production of
vegetables. A household was recommended to perform all of these practices depending
upon the type of vegetables grown, which could result in increased availability and
productivity of diverse vegetables throughout the year.
Improved poultry-raising practices score: Poultry-raising practices were determined by
assessing the following seven activities and generating a score of these practices: (i) use
of chicken coop for rearing chicken; facilities and conditions of coop: (ii) fresh air and
ventilated space; (iii) facility of clean water and pot; (iv) clean or fresh chicken feed and
pot; (v) proper security; (vi) deworming chickens; and (vii) vaccinate against New Castle
Disease. If the respondents reported practice of the activities, a score of 1 was given for
each, otherwise 0 was given. Then, we created a total score by summing the individual
scores for each practice (range 0 to 7). A higher score reflected better poultry-raising
practices, which could result in improved production of chicken and eggs. In addition to
the promotion of gardening practices, improved poultry-raising practices have been
promoted in the communities. Among the ideal and improved poultry-rearing practices
promoted by the HFP program, these practices were the ones included in the survey.
Adopting only one practice might not suffice for increased egg and meat production.
Therefore, the HFP program recommends households to adopt all of these practices if
they want increased production of eggs and chicken.
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Outcome variables
Vegetable production: Vegetable production was assessed by both diversity and
quantity of vegetables produced.
Vegetable production diversity: Based on the major nutrients present in the vegetables
and adapted from the groupings used in a study of homestead food production program in
Bangladesh (Schreinemachers et al., 2016b), we grouped 35 vegetables produced into
five types: dark-green leafy vegetables (DGLV), other vitamin A-rich vegetables, beans
and pulses, roots and tubers, and other vegetables. This grouping can be related to dietary
diversity for children 6 to 23 months of age as guided by World Health Organization
(WHO, 2007) and for women as guided by Food and Agriculture Organization (FAO,
2010). Respondents were asked which vegetables they grew in the 12 months. If they
reported production of any vegetables from each vegetables group, a score of 1 was
given, otherwise 0 was given. For an example, if the mothers reported growth of
broadleaf mustard or pumpkin shoot, a score of 1 was given to the vegetable group,
“dark-green leafy vegetables”. Then, we summed (range 0 to 5) the individual scores for
each vegetable group to create vegetable production diversity score. A list of the
vegetables and their groups is provided in the supplementary table 1.
Quantity of vegetable production: Quantity of vegetable production was assessed by
measuring kilograms (kg) of vegetables produced by the households in the last 12
months. Respondents were asked how much (in kg) of vegetables they harvested during
the last 12 months.
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Poultry production: Poultry production was assessed by measuring the quantity
(in numbers) of chicken and eggs produced by the households separately.
Egg production: Respondents were asked how many eggs were produced in the last one
month.
Chicken production: Respondents were asked how many chickens the households had at
the time of survey. Information on three different chicken types: improved (e.g., New
Hampshire, Black Australorp); local (e.g., Sakini, Ghanti Khuile); and boilers/layers was
obtained. For the analyses, regardless of the types of the chicken raised, the numbers
were combined.
Covariates
To account for the potential confounding, we identified variables a priori, based
on published literature and knowledge of the local context and intervention being studied.
We grouped the variables by level into individual (maternal), household, and community.
Maternal characteristics were age of mothers (in years), education (none, primary,
secondary, and higher), major occupation (agriculture and non-agriculture), residency
type (whether a mother lived alone, lived with her husband and children, and lived in a
nuclear family), mother’s knowledge on agricultural practices, and whether mother was
an active member of agriculture/livestock/fisheries producers group in the community
(including marketing groups and Suaahara HFP group). Mothers’ knowledge on
agricultural practices was constructed as a score by summing all the scores based on
responses to each question the mothers were asked (such as “What are some potential
advantages of having a homestead garden?”, “What are some potential advantages of
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producing small animals such as chickens or goats?”). Several options were present for
each question, which were not read to the mothers. If they answered the options a score
of 1 was given, if they say don’t know or others, a score of 0 was given.
Household-level variables were caste/ethnicity (socially advantaged versus
socially disadvantaged), socio-economic status, total land size (measured in hectares),
household food insecurity, and anyone in the household received training on improved
agriculture and poultry-raising practices. Socially excluded caste groups consisted of
Dalits, Muslims, and disadvantaged Janajatis while advantaged caste groups consisted of
Brahmins/Chhetri, Gurung/Thakali, Newar, and non-Dalit Terai caste based on the
caste/ethnicity defined by the Government of Nepal Health Information and Management
System. Socio-economic status was determined using equity quintile (Fry K. et al., 2014).
Household food insecurity was measured using the Household Food Insecurity Access
Scale developed by Food and Nutrition Technical Assistance project (Coates et al.,
2007). Training on improved agricultural practices included: (i) field crop selection or
rotation; (ii) improved seeds or crop varieties; (iii) pest management and identification;
(iv) soil improvement (fertility and composting); (v) home gardening (other); (vi) water
conservation and use for agriculture; (vii) improved post-harvest food storage practices.
Training on improved poultry-raising practices included: (i) treating chicken disease,
such as Newcastle; and (ii) chicken breeding and husbandry.
Community-level variables were presence of any agriculture/livestock/fisheries
group in the community (including marketing groups), and altitude (measured in meters).
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Statistical analyses
All the analyses were performed using Stata version 14.2 (StataCorp, Texas). The
association between improved gardening practices score and vegetable production
diversity was tested using linear mixed-effects regression models (command “mixed” in
Stata). The fixed-effects portion of the regression model consisted of improved gardening
practices score and the potential confounders identified a priori and the random-effects
portion consisted of districts.
The association between improved gardening practices score and vegetable
production quantity (in kg) was tested by using linear mixed-effects regression models
(command “mixed” in Stata). We used a square root transformation to make the
distribution of vegetable quantities less skewed and reduce the influence of large positive
outliers. The fixed-effects portion of the regression model was the transformed quantity
and potential confounders identified a priori and the random-effects portion specified
districts.
The association between improved poultry-raising practices score and egg and
chicken production was tested separately by using left-censored regression models
(command “tobit” in Stata). The distribution of the outcome variables, number of egg and
chicken production in the past one month, had more than half zeros. The values at zero
were treated as censored. The regression model was adjusted for the potential
confounders identified a priori and clustering at district level (“vce” option in Stata).
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Ethical approval
Ethical approval for the study was provided by the Nepal Health Research
Council as part of Suaahara’s monitoring system ethical review. Participants were
briefed about the purpose of the study. Participation was voluntary and a written consent
was obtained before the start of each interview.
Results
About 88% of the households produced vegetables and 57% produced egg or
poultry (Table 4.4). About 44% of the respondents had some or completed secondary
schooling. Most of the respondents had agriculture as their major occupation (63%) and
lived in a joint family (50%). A few respondents were an active member of
agriculture/livestock/fisheries producers group in the communities (7%). Most
respondents were from a socially disadvantaged caste (61%). A few households had
received training on improved agriculture (17%) and poultry-raising practices (5%).
About a fifth of the households were present in the communities that had any
agriculture/livestock/fisheries group (including marketing groups).
On average, the vegetable production diversity score was 2.8, i.e., households
produced about three groups of vegetables in the last year (Table 4.5). The average
quantity of all vegetables, dark-leafy green vegetables, and other vitamin A-rich
vegetables produced in the last year was 197 kg, 21 kg, and 18 kg, respectively. Mothers
having higher education produced a greater diversity and quantity of vegetables than
mothers without education. Women living with husbands and own children or in a joint
family produced a greater diversity and quantity of vegetables than women living alone.
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Socially advantaged households and if anyone in a household received training on
improved agriculture or poultry-raising practices had a greater vegetable production
diversity and higher quantity of vegetables production. Households from the communities
where any agriculture/livestock/fisheries group (including marketing groups) were
present had a greater vegetable production diversity and higher quantity of vegetables
production.
The average egg and chicken production in the last month were 5 eggs and 7
chickens, respectively (Table 4.5). Mothers having higher education produced more eggs
and chickens compared to those mothers without education. Mothers involved in nonagriculture occupation produced more eggs and chicken compared to mothers having
agriculture as major occupation. Mothers living with husbands and own children or in a
joint family produced more eggs and chickens compared to those mothers living alone. If
anyone in a household received training on improved poultry-raising practices, the
households produced a greater number of eggs and chicken. Households from the
communities where any agriculture or livestock or fisheries group (including marketing
groups) were present produced a greater number of eggs and chicken.
In the adjusted regression analyses, for each additional improved gardening
practices performed by the mothers, the vegetable production diversity was greater by 0.6
units (Table 4.6). Quantity of all vegetables produced was greater by 2.5 units for each
additional improved gardening practices performed. Quantity of DGLV (β=0.6), other
vitamin A-rich vegetables (β=0.6), beans and pulses (β=0.5), roots and tubers (β=1.2),
and other vegetables (β=1.4) was also greater for each additional improved gardening
practices performed. For each additional improved poultry-raising practices performed by
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the mothers, the number of eggs and chicken production was greater by about 10 and 31
units respectively.
Discussion
Vegetable production diversity and quantity and egg and chicken production were
greater for those households performing a greater number of improved gardening and
poultry-raising practices, respectively. Greater quantity of DGLV, other vitamin A-rich
vegetables, beans and pulses, roots and tubers, and other vegetables was also associated
with improved gardening practices. These findings suggest that production-related
practices need to be examined if programs want to improve vegetable and poultry
production.
Almost all nutrition-sensitive agricultural interventions attempt to promote
improved production practices and methods, but whether the promoted practices improve
vegetable or poultry production is less studied (A. Kumar et al., 2020). This study
showed that performing more recommended gardening practices improved the quantity
and diversity of vegetables production. Farmers might perform a greater number of the
recommended practices due to program’s support in improving farmers’ knowledge,
group membership, access to credit, and their participation in demonstration trials (A.
Kumar et al., 2020; Ochieng et al., 2021). Adopting only one practice, method, or
technology might not suffice for improved and diverse production of vegetables.
Therefore, along with provision of high quality training and inputs (Ferdous, Datta, Anal,
Anwar, & Khan, 2016), interventions recommend that farmers perform all the practices
to diversify production and increase quantity of vegetables throughout the year.
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Diversity of vegetables production is important because it not only leads to more
diverse vegetable consumption (Prajula Mulmi et al., 2017), which are associated with
improved health outcomes, but also reduces farmers’ vulnerability to climate change
(Reidsma & Ewert, 2008; van Zonneveld, Turmel, & Hellin, 2020). This study used five
categories of vegetables to underscore availability of micronutrients from different
groups of vegetables. Our study can inform programmers to encourage households for
production of selected vegetables to complement the micronutrients available in each
other vegetables. For an example, if household members are only growing mustard
greens or spinach (excellent source of vitamin A), they can be advised to grow vegetables
of other groups such as eggplant (excellent source of vitamin B1 and copper) that
complement micronutrients availability from other vegetables (Mateljan, 2020). Studies
in Sri Lanka and Uganda measured crop diversity through a simple species count,
however, they included other crops like cereals, condiments, etc. in addition to vegetables
(Thamilini et al., 2019; Whitney et al., 2018). A home garden pilot intervention in
Vietnam also showed improvement in the amount and diversity of vegetables, defined by
the individual vegetables count instead of grouping based on micronutrients availability
(Ha, Luoh, Sheu, Thuy, & Yang, 2019).
Regarding poultry production, performing a greater number of improved poultryraising practices was associated with a greater number of egg and chicken production.
This finding is corroborated by an evidence from four African countries that showed
households with limited uptake of improved poultry-raising practices had low egg
productivity, which highlights the importance of performing a greater number of
improved poultry-raising practices for increased egg and chicken production (Nordhagen
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& Klemm, 2018). Generally indigenous chickens have lower growth rate and eggs
production due to poor feed and coop management practices in villages (Pym & Alders,
2012). Raising improved breeds of chicken often increases egg and meat production
within a relatively short duration, however, these chickens might require more efforts as
they tend to be more susceptible to disease than the indigenous ones (Nordhagen &
Klemm, 2018; Wong et al., 2017). Therefore, besides improving practices, increasing egg
and chicken production requires efforts to overcome challenges such as lack of resources
for coop construction, low vaccines supply, and little effort or investment in feed
preparation (Nordhagen & Klemm, 2018).
Nutrition-sensitive agriculture interventions often have a goal to improve
nutritional outcomes through household production of vegetables, fruits, and small
livestock by promoting improved gardening and poultry-raising practices along with lowcost but easy to adopt technologies. It is also equally important to consider the number of
improved practices to be taught to the farmers. Priority might be needed for farmers,
especially from disadvantaged communities, as they might not be able to perform the
practices due to several reasons such as less knowledge about the practices, poor
motivation, and lack of resources (Nordhagen & Klemm, 2018). Practices learned and
performed for a long time help to sustain the benefits of the programs even after the
program ends (Baliki et al., 2019).
To our knowledge, this is the first study to examine the association between
improved gardening and poultry-raising practices and vegetable, chicken, and egg
production in Nepal. The cross-sectional nature of the data allowed us to identify
associations, however, could not prove causality between practices and production of
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vegetables and poultry. Social desirability bias might have affected the responses,
particularly regarding the reliance on recall-based outcomes like assessing growth of
vegetables in the past year. This study targeted mothers of children under five years of
age from disadvantaged communities, which limits the generalizability to other
population and communities. Information on additional ideal gardening practices such as
use of insect- or pest-resistant varieties, integrated cultivation systems (mixed cropping,
relay cropping), tunnel or plastic house, drip irrigation method, making compost manure,
etc. was not collected, which needs to be explored and examined in future studies.
Nevertheless, these improved gardening practices that we examined in the study are
expected to be taught in a well-designed training program and are important to
understand, especially in the context of Nepal where farmers usually adopt traditional
gardening methods and practices.
Future research using qualitative methods might be helpful to understand why and
how people get motivated to perform the improved production-related practices.
Additional research can help to better understand which households are likely to sustain
and expand on the inputs they acquire in the community and how to better support that
process. Ideally, further research would be helpful to examine whether the HFP
component of Suaahara program improved the gardening and poultry-raising practices,
which in turn improved the production by collecting information on the direct HFP
households. In addition to vegetables and poultry, fruits are excellent sources of
micronutrients. Future works on how locally grown fruits can be promoted through home
garden interventions might assist achieving improved nutrition outcomes.
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Conclusions
Greater number of improved gardening and poultry-raising practices promoted in
the communities were associated with a greater quantity and diversity of vegetable
production as well as increased number of chicken and egg production. Vegetables and
poultry production can be improved and integrated in tandem into nutrition‐sensitive
agriculture interventions but taking a couple of key points into consideration when
designing such interventions may help improve nutrition outcomes.
First, the focus cannot be placed on production alone: there needs to be an
emphasis along the chains from technology adoption to changing consumer behaviors
including training farmers, ensure they learned the methods well, and are practicing
correctly in the gardens. Trainings and methods for improved vegetable and poultry
production are usually offered at lower cost and pose less risk, however, they are not
easy, and more easily adopted practices for low‐resource settings are required
(Nordhagen & Klemm, 2018).
Second, supporting vegetable and chicken production by targeting women alone
may not be sufficient to increase household production and empower them. Mothers,
their husbands, and other family members will likely be involved as they are often
involved in agricultural activities (Dhanaraj & Mahambare, 2019; Lowder, Skoet, &
Raney, 2016). Supporting activities delivered to the households should go deeper than
vegetables, chickens, and eggs to address underlying cultural and gender norms that
constrain women's active participation in homestead food production (Argaw, Phimister,
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& Roberts, 2021; Doss, Meinzen-Dick, Quisumbing, & Theis, 2018; Westholm &
Ostwald, 2020).
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Figure 4.1 Suaahara Homestead Food Production reach in Nepal
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Table 4.5 Sample characteristics of participants from households located in the areas
where Suaahara HFP program has been implemented in Nepal (N=3,635)
Characteristics
Vegetable produced
Egg produced
Chicken produced
Mother-related
Age
Education
No education
Some/completed Primary (grades 1-5)
Some/completed Secondary (grades 6-10)
Some/completed higher education (grades
>=11)
Major occupation
Agriculture
Others (Non-agriculture related)
Residency type: mother living
Alone
With husband and own children only
In a joint family
HFP knowledge score
An active member of agriculture/livestock/fisheries
producers group in the community (including
marketing groups)
No
Yes
Household-related
Caste
Socially advantaged
Socially disadvantaged
Household wealth
Poorest
Poor
Middle
Rich
Richest
Total land size
Household food insecurity
None
Mild
Moderate
119

Number of
observations
3203
1079
2081

Percentage/Mean,
SD
88.1
29.7
57.3

3635

26.2, 5.5

763
770
1613

21.0
21.2
44.4

489

13.5

2274
1361

62.6
37.4

707
1118
1810

19.5
30.8
49.8
7.5, 2.5

3384
251

93.1
6.9

1431
2204

39.4
60.6

768
1037
964
797
69

21.1
28.5
26.5
21.9
1.9
0.4, 0.8

2456
569
533

67.6
15.7
14.7

Severe
Anyone in the household received training on
improved agriculture practices
No
Yes
Anyone in the household received training on
improved poultry raising practices
No
Yes
Community-related
Presence of any agriculture/livestock/fisheries group
in the community (including marketing groups)
No
Yes
Altitude (in meter)

120

77

2.1

3015
620

82.9
17.1

3462
173

95.2
4.8

2916
719
3635

80.2
19.8
909.9, 621.9

Table 4.6 Vegetable and poultry production among households from the communities where Suaahara HFP program has been
implemented (N=3635)

Characteristics
Overall, Mean (SD)
Mother-related
Age
Education
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No education
Some/completed Primary (grades
1-5)

Vegetable
production
diversity
score,
Mean
(SD)

Agriculture

Beans
and
pulses
11.4
(32.5)

Roots
and
tubers
69.7
(262.5)

Other
vegetabl
es
75.8
(161.1)

Number
of egg
produce
d, Mean
(SD)
5.5
(12.3)

Number
of
chicken
produced
, Mean
(SD)
7.9
(49.8)

2.8 (1.5)

All
vegetables
196.6
(492.1)

DGLV
21.1
(38.2)

Other
vitamin
A-rich
vegetables
18.5
(256.6)

0.02*

-0.01*

0.07*

-0.01*

-0.03*

-0.01*

-0.01*

-0.01*

0.003*

165.9
(745.3)
169.4
(445.5)
205.1
(379.2)
259.1
(375.4)

19.6
(37.0)
19.3
(36.1)
21.3
(38.1)
25.5
(42.9)

35.5
(550.7)
10.8
(34.7)
14.9
(61.8)
16.1
(43.4)

7.5
(49.0)
8.3
(16.1)
13.2
(28.8)
16.3
(29.6)

44.8
(97.1)
72.8
(405.1)
73.2
(240.6)
92.1
(216.8)

58.4
(145.7)
58.2
(102.0)
82.5
(179.0)
109.0
(189)

68.7
(150.5)
105
(195.8)
74.3
(161.4)
74.7
(150.9)

5.0
(37.6)
6.1
(27.2)
8.5
(40.9)
13.2
(97.6)

230.9
(564.2)
139.2
(331.3)

26.3
(42.9)
12.4
(26.4)

24.3
(323.1)
8.8 (36.4)

12.8
(37.4)
9.1
(21.8)

76.1
(253.7)
59.0
(276.4)

91.4
(185.6)
49.9
(103.5)

68.7
(150.5)
105.0
(195.8)

7.2
(33.5)
9.0
(68.9)

97.0
(132.5)
190.4
(456.2)
239.2
(587.6)
0.09*

15.2
(28.8)
19.4
(34)
24.5
(43.2)
0.13*

6.9 (19.1)
13.5
(84.6)
26.2
(357.2)
0.01*

6.7
(13.6)
9.5
(18.4)
14.4
(42.7)
0.15*

28.0
(56.0)
83.3
(398.4)
77.6
(195.8)
0.02*

40.2
(64.8)
64.7
(121.7)
96.6
(200.9)
0.02*

68.7
(150.5)
105.0
(195.8)
74.3
(161.4)
0.13*

3.1 (6.0)
8.6
(51.2)
9.3
(57.8)
0.05*

2.5 (1.5)
2.7 (1.6)

Some/completed Secondary (grades
6-10)
Some/completed higher education
(grades >=11)
Major occupation

Production quantity (in kg), Mean (SD)

2.9 (1.5)
3.1 (1.5)

3.1 (1.3)

Others (Non-agriculture related)
Residency type: mother living

2.3 (1.7)

Alone
With husband and own children

2.4 (1.6)

only

2.7 (1.6)

In a joint family
HFP knowledge score

3.1 (1.4)
0.28*

An active member of
agriculture/livestock/fisheries producers
group in the community (including
marketing groups)
No
Yes
Household-related
Caste
Socially advantaged
Socially disadvantaged
Household food insecurity

2.8 (1.5)
3.4 (1.2)

3.1 (1.4)
2.6 (1.6)
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None

2.9 (1.5)

Mild

2.9 (1.5)

Moderate

2.6 (1.5)

Severe
Household wealth

2.1 (1.6)

Poorest

3.0 (1.3)

Poor

2.9 (1.4)

Middle

2.8 (1.6)

Rich

2.5 (1.7)

Richest
Total land size

2.0 (1.8)
0.07*

189.1
(492.1)
297.7
(481.5)

20.0
(36.9)
35.3
(50.7)

17.9
(265.1)
26.4
(79.7)

11.1
(33.0)
16.0
(24.4)

66.2
(247.2)
116.3
(415.4)

73.8
(161.5)
103.7
(153.7)

5.3
(12.2)
7.5
(13.7)

8.0
(51.4)
6.4
(17.4)

230.2
(419.5)
174.7
(532.9)

21.4
(35.6)
20.9
(39.8)

21.5
(89.3)
16.6
(321.7)

13.1
(28.4)
10.3
(34.8)

85.9
(322)
59.2
(214.6)

88.3
(153.4)
67.8
(165.5)

4.9
(13.9)
5.8
(11.1)

8.1
(67.0)
7.8
(34.3)

208.9
(537.4)
203.7
(456.6)
149.0
(302.8)
79.1
(113.1)

21.5
(37.7)
23.2
(45.5)
18.5
(32.6)
11.4
(24.7)

21.5
(311.0)
14.9
(48.7)

12.6
(36.0)
11.1
(30.1)
7.3
(14.2)
3.5
(8.0)

74.5
(265.6)
70.5
(283.0)
52.9
(241.1)
25.9
(77.5)

78.8
(155.7)
84.0
(219.0)
60.7
(115.5)
27.2
(42.5)

5.8
(13.1)
5.0
(11.4)
4.6
(10.4)

9.5
(57.6)
4.4 (9.6)
5.3
(38.9)

2.5 (6.5)

1.9 (3.2)

223.5
(406.4)
197.0
(455.9)
202.6
(704.0)
168.7
(265.3)
126.8
(213.1)
0.10*

23.6
(40.6)
22
(34.7)
22.4
(43)
16.3
(33.2)
16.1
(38.4)
0.08*

9.9
(21.7)
11.1
(26.9)
13.6
(48.9)
11.1
(22.5)
6.4
(13.9)
0.08*

84.1
(277.3)
78.0
(369.0)
61.6
(203.1)
57.8
(110.8)
35.1
(74.7)
0.05*

83.3
(164.3)
73.6
(169.0)
74.3
(161.4)
74.7
(150.9)
60.4
(104.4)
0.05*

4.3 (9.7)
6.6
(12.3)
6.0
(12.3)
4.6
(14.5)

4.3
(11.7)
7.1
(25.5)
7.7
(40.2)
13.0
(91.3)

2.8 (9.5)
0.03*

2.2 (5.3)
0.04*

9.6 (29.0)
11.0
(22.9)
22.6
(104.8)
12.2
(48.1)
30.7
(486.4)
8.9 (22.7)
8.8 (23.1)
0.02*

Anyone in the household received
training on improved agriculture
practices
No
Yes
Anyone in the household received
training on improved poultry raising
practices
No
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Yes
Community-related
Presence of any
agriculture/livestock/fisheries group in
the community (including marketing
groups)
No
Yes
Altitude (in meter)
*Pearson’s correlation coefficient

2.7 (1.5)
3.2 (1.3)

2.8 (1.5)
3.3 (1.4)

2.7 (1.5)
3.2 (1.3)
0.24*

172.2
(465.0)
315.0
(593.0)

19.5
(35.2)
29.1
(49.6)

16.4
(278.9)
28.9
(87.9)

10.3
(31.2)
16.8
(37.7)

56.9
(169.2)
132
(510.2)

69.2
(157.1)
108.2
(176.0)

5.1
(11.7)
7.3
(15.0)

6.8
(34.8)
13.0
(92.9)

192.3
(491.1)
281.1
(505.4)

20.6
(37.7)
31.0
(45.8)

18.0
(262.6)
27.8
(66.0)

11.2
(32.8)
14.8
(25.3)

68.3
(254.1)
97.7
(394.2)

74.1
(160.0)
109.8
(179.7)

5.2
(11.0)
10.7
(27.3)

6.4
(32.1)
37.2
(175.3)

173.0
(360.4)
292.0
(828.7)
0.10*

19.5
(36.8)
27.4
(42.8)
0.18*

12.8
(59.3)
41.6
(564.3)
-0.0001*

24.6
(291.6)
16.8
(53.3)
0.04*

61.9
(254.0)
101.2
(292.5)
0.11*

68.7
(150.5)
105.0
(195.8)
0.07*

5.1
(12.0)
6.8
(13.5)
0.08*

7.0
(36.0)
11.7
(85.3)
-0.01*

Table 4.7 Association between gardening practices and poultry-raising practices and
vegetable and poultry production among households present in the communities where
Suaahara HFP program has been implemented (N=3635)

Vegetable production diversity
score

Bivariate regression
β (95% CI)

Pvalue

Adjusted regression
β (95% CI)a

P-value

0.68 (0.64, 0.72)

<0.001

0.56 (0.52, 0.60)

<0.001

<0.001
<0.001

2.47 (2.22, 2.72)
0.55 (0.45, 0.65)

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.56 (0.43, 0.68)
0.47 (0.39, 0.55)
1.23 (1.02, 1.45)
1.42 (1.26, 1.58)
10.03 (7.93, 12.13)
30.57 (16.51, 44.63)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Production quantity of different
vegetable groups (in kg,
squared root transformed)
All vegetables
3.28 (3.03, 3.53)
DGLV
0.77 (0.67, 0.86)
Other vitamin A-rich
vegetables
0.78 (0.66, 0.90)
Beans and pulses
0.67 (0.59, 0.75)
Roots and tubers
1.65 (1.44, 1.85)
Other vegetables
1.92 (1.76, 2.08)
Number of egg produced*
10.68 (8.36, 13.01)
Number of chicken produced*
30.97 (16.77, 45.18)
* Coefficients from tobit regression

a Adjusted for age of mothers, education, major occupation, residency type, mother’s knowledge on
agricultural practices, whether mother was an active member of agriculture/livestock/fisheries producers
group in the community (including marketing groups and Suaahara HFP group), caste/ethnicity, socioeconomic status, total land size, household food insecurity, anyone in the household received training on
improved agriculture and poultry-raising practices, presence of any agriculture/livestock/fisheries group in
the community (including marketing groups), and altitude
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CHAPTER 5
SUMMARY, IMPLICATIONS, AND RECOMMENDATIONS
5.1 Summary
The purpose of this study was to gain a deeper insight on the active engagement
of VMFs in an HFP program and whether improved production-related practices translate
into improved vegetable and poultry production among disadvantaged communities of
Nepal. This study used quantitative methods to achieve the goal using two different
datasets: (1) Suaahara-II VMF profile dataset and (2) Suaahara-II data. Studied into two
separate research aims, this research helped to understand in improving service provision
and quality of nutrition-sensitive programs and production of diverse nutrients-rich foods.
The first aim of this study was to examine demographic, socio-economic, and
programmatic determinants of sustained participation and performance of village model
farmers in HFP program, a nutrition-sensitive agricultural program that has been
implemented in Nepal for more than a decade. This aim addressed research questions at
the community level and helped to inform program implementers on which types of
individuals to select as VMFs to help sustain agriculture-nutrition investments once the
program ends. The active engagement was defined as summed score of the number of
four activities performed by the VMFs. Among the VMFs who participated in the study
and were interviewed, the mean number of VMF activities was 1.4. Higher levels of
education, being a female community health volunteer, being from an upper caste

125

household, and having received more additional trainings and inputs were associated with
more active participation among VMFs retained in the HFP program. These determinants
can be important considerations for successful implementation at a large scale and
sustainability of nutrition-sensitive agriculture interventions.
Education enables the community volunteers to effectively community the
importance of messages to the households participants (Panday et al., 2019). In addition,
education is one of the key reasons for their continued willingness to work as volunteers
and has enabled them to take care of themselves as well as other households in their
communities (Panday et al., 2019; Panday et al., 2017; Rahman et al., 2010). FCHVs
have a remarkable reputation in supporting the health system and making health
interventions successful (Kandel & Lamichhane, 2019). FCHVs can apply their
experience in community engagement and use this to successfully implement the HFP
program (Betron et al., 2020; Panday et al., 2017). FCHVs are favorable conduits to
implement interventions because they are from the same communities and people know
and trust them (Kandel & Lamichhane, 2019; Lee, 2020). Low social status of
community workers hinder their delivery of services to communities (Okuga et al., 2015).
People from disadvantaged caste groups face constraints such as lack of land and can be
bonded laborers for better-off households reflecting social inequities (Broaddus-Shea et
al., 2020; Malik, 2019). Training events empower and increase the VMFs’ knowledge
and skills, particularly related to agriculture, whereas the provision of inputs help them to
convert this into practice, especially when there are resource constraints. These activities
along with the trainings and post training follow-ups might have enhanced VMFs’
confidence level, which enabled them to work more actively.
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The second aim of this study was to determine whether the improved gardening
and poultry raising practices promoted in the communities could improve production of
vegetables and poultry. This aim addressed the research questions at household level. On
average, vegetable production diversity score was 3, i.e., the households produced about
three groups of vegetables in the last year. The average quantity of all vegetables, darkleafy green vegetables, and other vitamin A-rich vegetables produced in the last year was
197 kg, 21 kg, and 19 kg, respectively. The average eggs and chicken production were 6
eggs and 8 chicken, respectively. Vegetable production diversity and quantity of all four
groups (DGLV, other vitamin A-rich vegetables, beans and pulses, and other vegetables)
of vegetable production were greater for those households performing a greater number
of improved gardening practices. Egg and chicken production was also greater for the
households performing a greater number of poultry-raising practices.
5.2 Strengths and Limitations
A strength of this study is to present empirical evidence of how promotion of
improved gardening and poultry-related practices translates into improved household
production of vegetable, egg, and chicken among disadvantaged communities in a lowand middle-income country. In addition, scientific rigor used to collect data is an asset. A
large sample size used to achieve the first research aim helped to examine the socioeconomic and demographic determinants of VMFs remaining actively engaged in a
nutrition-sensitive agriculture program multiple years after being selected and trained.
The cross-sectional nature of the data allowed us to identify associations but did
not firmly prove causality between covariates and outcomes. Social desirability bias
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might have affected the responses, particularly regarding whether the VMFs remained
engaged in all the four activities. Reliance on recall-based outcomes like assessing
growth of vegetables in the past year might have introduced recall-bias. As we did not
have information among those who dropped out of the program, we could not explore the
reasons why some VMFs did not continue to work. In addition, being a rapid survey, we
collected information only on the four activities performed by the VMFs to measure
“active participation”, which, although perhaps not adequate, indicates that by
performing these activities a VMF continues to actively serve households in the
communities. The second study targeted mothers of children under five years of age from
disadvantaged communities, which limits the generalizability to other population and
communities. Information on additional ideal gardening practices such as use of
insect/pest-resistant varieties, integrated cultivation systems (mixed cropping, relay
cropping), tunnel/plastic house, drip irrigation method, making compost manure, etc. was
not collected, which needs to be explored and examined in future studies. Nevertheless,
these improved gardening practices that were examined in the study are expected to be
taught in a well-designed training program and are important to understand, especially in
the context of Nepal where farmers usually adopt traditional gardening methods and
practices.
5.3 Conclusion, Implications, and Recommendations
Greater number of improved gardening and poultry raising practices promoted in
the communities were associated with a greater vegetable production diversity, quantity,
and number of chicken and egg production. Higher education, advantaged caste, being a
female community health volunteer, and receiving additional trainings and inputs are
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characteristics associated with frontline workers’ sustained participation and
performance, which, in turn, are necessary for improved service provision and to inform
nutrition-sensitive agricultural interventions at scale.
In the context of limited availability, affordability, and accessibility of nutrientsrich foods among low-and middle-income countries, understanding how promotion of
improved production-related practices improve production of vegetables and poultry
might have important implications for household food security, dietary diversity, and
nutritional outcomes. Increased productivity might result in not only greater dietary
diversity but also opportunity for additional income generation by selling the surplus
produce, egg, or chicken. In addition, through improved production-related practices,
agriculture could be environmentally sustainable and contribute to biodiversity. This
research might inform policy makers and organizations working with farmers to make
targeted efforts to train and motivate farmers to perform improved gardening and poultryraising practices. Understanding characteristics associated with frontline workers’
sustained participation and performance might inform nutrition-sensitive agricultural
interventions at scale for improved service provision.
While this research fosters our understanding of sustained engagement of the
frontline workers, production-related practices, and their relationship with the production
of vegetables and poultry, much research is still needed to improve nutritional outcomes
and meet the governments’ goal in low- and middle-income settings. This research also
adds to the Government of Nepal’s need for improved agricultural practices and animal
husbandry practices to achieve higher productivity and household food security.
Production of vegetables and poultry can be promoted together in the communities but
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taking some key points into consideration when designing nutrition-sensitive agriculture
interventions may help improve production and nutrition outcomes.
First, the focus should not be placed on production alone: there needs to be an
emphasis along the paths from technology adoption to changing consumer behaviors,
including training farmers, ensuring they learned the methods well, and are practicing
correctly in the gardens. Well trained farmers underpin sustainability of interventions as
they can utilize their knowledge and practice in the gardens even after the interventions
conclude. Further, exploring production-related practices among smallholder farmers in
disadvantaged communities, where the burden of malnutrition is high, might help policy
makers to formulate and implement policies targeting local needs.
Second, qualitative methods might be helpful to understand how determinants
including trainings, inputs, education, and caste/ethnicity help to sustain the participation
and performance of farmers in nutrition-sensitive agriculture interventions. Trainings and
methods for improved vegetable and poultry production are usually offered at lower cost
and pose less risk, however, they are not easy, and more easily adopted practices for low‐
resource settings are required (Nordhagen & Klemm, 2018). How and over what period
of time the frontline workers use their knowledge and skills honed by participating in
nutrition-sensitive agricultural interventions might help understand sustainability of such
interventions (Baliki et al., 2019; Nordhagen et al., 2019). Additional work is necessary
to better understand which households are likely to sustain and expand on the inputs they
acquire in the community and how the implementers can better support that process.
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Finally, we need to understand how to sustain frontline workers and to promote
production-related practices among poor and disadvantaged population as they function
differently than the average population (Banerjee & Duflo, 2012). Encouraging improved
production-related practices among farmers, especially women, from poor and
disadvantaged communities might not only enable production of vegetables and poultry
throughout the year but also support and empower women in low- and middle-income
settings. Motivating women in low- and middle-income countries including Nepal is
crucial because women provide most of the labor force for agricultural production in
addition to their traditional household chores (FAO, 2019; Food and Agriculture
Organization, 2011). Supporting vegetable, egg, and chicken production by targeting
women alone, however, may not be sufficient to increase household production and
empower them. Interventions will likely need to involve mothers, their husbands, and
other family members as they are often involved in agricultural activities (Dhanaraj &
Mahambare, 2019; Lowder et al., 2016). Supporting activities delivered to the households
should go deeper than vegetables, chickens, and eggs to address underlying cultural and
gender norms and caste issues that constrain women's active participation in homestead
food production (Argaw et al., 2021; Doss et al., 2018; Westholm & Ostwald, 2020).

131

REFERENCES
Afshin, A., Sur, P. J., Fay, K. A., Cornaby, L., Ferrara, G., Salama, J. S., . . . Murray, C.
J. L. (2019). Health effects of dietary risks in 195 countries, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. The Lancet,
393(10184), 1958-1972. doi:10.1016/S0140-6736(19)30041-8
Aguayo, V. M., & Menon, P. (2016). Stop stunting: improving child feeding, women's
nutrition and household sanitation in South Asia. Maternal & Child Nutrition,
12(S1), 3-11. doi:10.1111/mcn.12283
Ahmed, F. (2007). Vitamin A deficiency in Bangladesh: a review and recommendations
for improvement. Public Health Nutrition, 2(1), 1-14.
doi:10.1017/S1368980099000014
Akhter, N., Saville, N., Shrestha, B., Manandhar, D. S., Osrin, D., Costello, A., & Seal,
A. (2018). Change in cost and affordability of a typical and nutritionally adequate
diet among socio-economic groups in rural Nepal after the 2008 food price crisis.
Food Security, 10(3), 615-629. doi:10.1007/s12571-018-0799-y
Appleton, K. M., Hemingway, A., Saulais, L., Dinnella, C., Monteleone, E., Depezay, L.,
. . . Hartwell, H. (2016). Increasing vegetable intakes: rationale and systematic
review of published interventions. European Journal of Nutrition, 55(3), 869-896.
doi:10.1007/s00394-015-1130-8
Argaw, T. L., Phimister, E., & Roberts, D. (2021). From Farm to Kitchen: How Gender
Affects Production Diversity and the Dietary Intake of Farm Households in
132

Ethiopia. Journal of Agricultural Economics, 72(1), 268-292.
doi:https://doi.org/10.1111/1477-9552.12404
Avula, R., Menon, P., Saha, K. K., Bhuiyan, M. I., Chowdhury, A. S., Siraj, S., . . .
Frongillo, E. A. (2013). A Program Impact Pathway Analysis Identifies Critical
Steps in the Implementation and Utilization of a Behavior Change
Communication Intervention Promoting Infant and Child Feeding Practices in
Bangladesh. Journal of Nutrition, 143(12), 2029-2037.
doi:10.3945/jn.113.179085
Bach, A., Gregor, E., Sridhar, S., Fekadu, H., & Fawzi, W. (2020). Multisectoral
Integration of Nutrition, Health, and Agriculture: Implementation Lessons From
Ethiopia. Food and Nutrition Bulletin, 41(2), 275-292.
doi:10.1177/0379572119895097
Baliki, G., Brück, T., Schreinemachers, P., & Uddin, M. N. (2019). Long-term
behavioural impact of an integrated home garden intervention: evidence from
Bangladesh. Food Security, 11(6), 1217-1230. doi:10.1007/s12571-019-00969-0
Balz, A. G., Heil, E. A., & Jordan, I. (2015). Nutrition-sensitive agriculture: new term or
new concept? Agriculture & Food Security, 4(1), 6. doi:10.1186/s40066-0150026-4
Banerjee, A., & Duflo, E. (2012). A billion hungry people? In A. Banerjee & E. Duflo
(Eds.), Poor Economics: A Radical Rethinking of the Way to Fight Global
Poverty (pp. 19-40). New York, NY: PublicAffairs.

133

Banstola, A., & Banstola, A. (2015). Ethnic codes as defined by the Health Management
Information System. Retrieved from:
https://doi.org/10.1371/journal.pone.0071311.t001
Bennett, L., Dahal, D. R., & Govindasamy, P. (2008). Caste, Ethnic and Regional
Identity in Nepal: Further Analysis of the 2006 Nepal Demographic and Health
Survey. Retrieved from Calverton, Maryland, USA
https://dhsprogram.com/pubs/pdf/FA58/FA58.pdf
Bernet, T., Kurbanalieva, S., Pittore, K., Zilly, B., Luttikholt, L., Eyhorn, F., . . . Arbenz,
M. (2018). Nutrition-Sensitive Agriculture Interventions in Mountain Areas—
Lessons Learned From a 5-Country Project to Upscale Best Practices. Mountain
Research and Development, 38(4), 278-287, 210.
doi:https://doi.org/10.1659/MRD-JOURNAL-D-18-00027.1
Betron, M., Thapa, A., Amatya, R., Thapa, K., Arlotti-Parish, E., Schuster, A., . . . Dhital,
R. (2020). Should female community health volunteers (FCHVs) facilitate a
response to gender-based violence (GBV)? A mixed methods exploratory study in
Mangalsen, Nepal. Global Public Health, 1-14.
doi:10.1080/17441692.2020.1839929
Bhutta, Z. A., Akseer, N., Keats, E. C., Vaivada, T., Baker, S., Horton, S. E., . . . Black,
R. (2020). How countries can reduce child stunting at scale: lessons from
exemplar countries. The American Journal of Clinical Nutrition.
doi:10.1093/ajcn/nqaa153
Bhutta, Z. A., Das, J. K., Rizvi, A., Gaffey, M. F., Walker, N., Horton, S., . . . Black, R.
E. (2013). Evidence-based interventions for improvement of maternal and child

134

nutrition: what can be done and at what cost? The Lancet, 382(9890), 452-477.
doi:10.1016/S0140-6736(13)60996-4
Biehl, E., Klemm, R. D. W., Manohar, S., Webb, P., Gauchan, D., & West, K. P. (2016).
What Does It Cost to Improve Household Diets in Nepal? Using the Cost of the
Diet Method to Model Lowest Cost Dietary Changes. Food and Nutrition
Bulletin, 37(3), 247-260. doi:10.1177/0379572116657267
Bloem, M. W., Huq, N., Gorstein, J., Burger, S., Kahn, T., Islam, N., . . . Davidson, F.
(1996). Production of fruits and vegetables at the homestead is an important
source of vitamin A among women in rural Bangladesh. European Journal of
Clinical Nutrition, 50 Suppl 3, S62-67.
Bodor, J. N., Rose, D., Farley, T. A., Swalm, C., & Scott, S. K. (2008). Neighbourhood
fruit and vegetable availability and consumption: the role of small food stores in
an urban environment. Public Health Nutrition, 11(4), 413-420.
doi:10.1017/s1368980007000493
Boedecker, J., Odhiambo Odour, F., Lachat, C., Van Damme, P., Kennedy, G., &
Termote, C. (2019). Participatory farm diversification and nutrition education
increase dietary diversity in Western Kenya. Maternal & Child Nutrition, 15(3),
e12803-e12803. doi:10.1111/mcn.12803
Breiman, L., Friedman, J., Olshen, R., & Stone, C. (1984). Classification and regression
trees (1st ed.): Routledge.
Broaddus-Shea, E. T., Shrestha, B. T., Rana, P. P., Winch, P. J., & Underwood, C. R.
(2020). Navigating structural barriers to the implementation of agriculturenutrition programs in Nepal. Food Secur. doi:10.1007/s12571-020-01031-0

135

Bushamuka, V. N., de Pee, S., Talukder, A., Kiess, L., Panagides, D., Taher, A., &
Bloem, M. (2005). Impact of a homestead gardening program on household food
security and empowerment of women in Bangladesh. Food and Nutrition Bulletin,
26(1), 17-25. doi:10.1177/156482650502600102
Central Bureau of Statistics. (2011). Nepal Living Standards Survey, 2010/11. Statistical
report, volume II. Retrieved from Kathmandu, Nepal: https://cbs.gov.np/wpcontent/upLoads/2018/12/Statistical_Report_Vol2.pdf
Central Bureau of Statistics. (2019). Nepal in figures. In National Planning Commission
(Ed.). Kathmandu, Nepal.
Central Bureau of Statistics. (2022). Preliminary Report of National Polulation 2021.
Retrieved from
https://censusnepal.cbs.gov.np/Home/Details?tpid=5&dcid=3479c092-77494ba6-9369-45486cd67f30&tfsid=17
Choufani, J., Jamaluddine, Z., & Cunningham, K. (2019). A Multisectoral Nutrition
Program in Nepal Improves Knowledge of Dietary Diversity, Sick Child Feeding,
and Handwashing, but Not All Practices: a Program Impact Pathways Mediation
Analysis. Current Developments in Nutrition, 4(1). doi:10.1093/cdn/nzz135
Cirera, X., & Masset, E. (2010). Income distribution trends and future food demand.
Philosophical transactions of the Royal Society of London. Series B, Biological
sciences, 365(1554), 2821-2834. doi:10.1098/rstb.2010.0164
Coates, J., Swindale, A., & Bilinsky, P. (2007). Household Food Insecurity Access Scale
(HFIAS) for Measurement of Household Food Access: Indicator Guide (v. 3).
Retrieved from Washington, D.C.:

136

Crispin, N., Wamae, A., Ndirangu, M., Wamalwa, D., Wangalwa, G., Watako, P., &
Mbiti, E. (2012). Effects of selected socio-demographic characteristics of
community health workers on performance of home visits during pregnancy: a
cross-sectional study in Busia District, Kenya. Glob J Health Sci, 4(5), 78.
Cunningham, K., Headey, D., Singh, A., Karmacharya, C., & Rana, P. P. (2017).
Maternal and Child Nutrition in Nepal: Examining drivers of progress from the
mid-1990s to 2010s. Global Food Security, 13, 30-37.
doi:https://doi.org/10.1016/j.gfs.2017.02.001
Depenbusch, L., Schreinemachers, P., Roothaert, R., Namazzi, S., Onyango, C., Bongole,
S., & Mutebi, J. (2021). Impact of home garden interventions in East Africa:
Results of three randomized controlled trials. Food Policy, 104, 102140.
doi:https://doi.org/10.1016/j.foodpol.2021.102140
Development Initiatives. (2020). 2020 Global Nutrition Report: Action on equity to end
malnutrition. Retrieved from Bristol, UK:
https://globalnutritionreport.org/reports/2020-global-nutrition-report/
Development Initiatives. (2021). 2021 Global Nutrition Report: The state of global
nutrition. Retrieved from Bristol, UK:
Dhanaraj, S., & Mahambare, V. (2019). Family structure, education and women’s
employment in rural India. World Development, 115, 17-29.
doi:https://doi.org/10.1016/j.worlddev.2018.11.004
Dietz, W. H. (2017). Double-duty solutions for the double burden of malnutrition. The
Lancet, 390(10113), 2607-2608. doi:10.1016/S0140-6736(17)32479-0

137

Diiro, G. M., Seymour, G., Kassie, M., Muricho, G., & Muriithi, B. W. (2018). Women's
empowerment in agriculture and agricultural productivity: Evidence from rural
maize farmer households in western Kenya. PloS One, 13(5), e0197995e0197995. doi:10.1371/journal.pone.0197995
Dillon, A., Bliznashka, L., & Olney, D. (2020). Experimental evidence on post-program
effects and spillovers from an agriculture-nutrition program. Economics and
Human Biology, 36, 100820. doi:https://doi.org/10.1016/j.ehb.2019.100820
Donovan, J., & Gelli, A. (2019). Designing interventions in local value chains for
improved health and nutrition: Insights from Malawi. World Development
Perspective, 16, 100149. doi:https://doi.org/10.1016/j.wdp.2019.100149
Doss, C., Meinzen-Dick, R., Quisumbing, A., & Theis, S. (2018). Women in agriculture:
Four myths. Global Food Security, 16, 69-74.
doi:https://doi.org/10.1016/j.gfs.2017.10.001
Downs, S. M., Ahmed, S., Fanzo, J., & Herforth, A. (2020). Food Environment
Typology: Advancing an Expanded Definition, Framework, and Methodological
Approach for Improved Characterization of Wild, Cultivated, and Built Food
Environments toward Sustainable Diets. Foods, 9(4), 532.
doi:https://doi.org/10.3390/foods9040532
Dragojlovic, N., Michaux, K. D., Moumin, N. A., Li, K. H., Talukder, Z., Hou, K., . . .
Lynd, L. D. (2020). Economic evaluation of an enhanced homestead food
production intervention for undernutrition in women and children in rural
Cambodia. Global Food Security, 24, 100335.
doi:https://doi.org/10.1016/j.gfs.2019.100335

138

Dulal, B., Mundy, G., Sawal, R., Rana, P. P., & Cunningham, K. (2017). Homestead
Food Production and Maternal and Child Dietary Diversity in Nepal: Variations
in Association by Season and Agroecological Zone. Food and Nutrition Bulletin,
38(3), 338-353. doi:10.1177/0379572117703264
FAO. (2010). Guidelines for measuring household and individual dietary diversity.
Retrieved from Rome, Italy: http://www.fao.org/3/a-i1983e.pdf
FAO. (2019). Country gender assessment of agriculture and the rural sector in Nepal.
Retrieved from Kathmandu, Nepal:
http://www.fao.org/3/CA3128EN/ca3128en.pdf
FAO, IFAD, UNICEF, WFP, & WHO. (2020). The State of Food Security and Nutrition
in the World 2020. Transforming food systems for affordable healthy diets.
Retrieved from Rome: https://doi.org/10.4060/ca9692en
Farinde, A. J., & Ajayi, A. O. (2005). Training Needs of Women Farmers in Livestock
Production: Implications for Rural Development in Oyo State of Nigeria. Journal
of Social Sciences, 10(3), 159-164. doi:10.1080/09718923.2005.11892475
Ferdous, Z., Datta, A., Anal, A. K., Anwar, M., & Khan, A. S. M. M. R. (2016).
Development of home garden model for year round production and consumption
for improving resource-poor household food security in Bangladesh. NJAS Wageningen Journal of Life Sciences, 78, 103-110.
doi:https://doi.org/10.1016/j.njas.2016.05.006
Fidelugwuowo, U. B. (2020). Knowledge and skills for accessing agricultural
information by rural farmers in South-East Nigeria. IFLA Journal, 47(2), 119128. doi:10.1177/0340035220951837

139

Fiorella, K. J., Chen, R. L., Milner, E. M., & Fernald, L. C. H. (2016). Agricultural
interventions for improved nutrition: A review of livelihood and environmental
dimensions. Global Food Security, 8, 39-47.
doi:https://doi.org/10.1016/j.gfs.2016.03.003
Food and Agriculture Organization. (2011). The State of Food and Agriculture 2010–
2011: Women in Agriculture: Closing the Gender Gap for Development.
Retrieved from Rome:
Fry K., Firestone R., & Chakraborty N.M. (2014). Measuring Equity with Nationally
Representative Wealth Quintiles. Retrieved from Washington, DC:
https://www.psi.org/publication/equity-wealth-quintile-guide/
Gibson, A., Edgar, J. D., Neville, C. E., Gilchrist, S. E., McKinley, M. C., Patterson, C.
C., . . . Woodside, J. V. (2012). Effect of fruit and vegetable consumption on
immune function in older people: a randomized controlled trial. American Journal
of Clinical Nutrition, 96(6), 1429-1436. doi:10.3945/ajcn.112.039057
Gillespie, S., Haddad, L., Mannar, V., Menon, P., & Nisbett, N. (2013). The politics of
reducing malnutrition: building commitment and accelerating progress. The
Lancet, 382(9891), 552-569. doi:10.1016/s0140-6736(13)60842-9
Gillespie, S., Harris, J., & Kadiyala, S. (2012). The agriculture-nutrition disconnect in
India: What do we know? IFPRI Discussion Paper 1187 Retrieved from
Washington, D.C.:
http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/126958
Girard, A. W., Self, J. L., McAuliffe, C., & Olude, O. (2012). The Effects of Household
Food Production Strategies on the Health and Nutrition Outcomes of Women and

140

Young Children: A Systematic Review. Paediatric and Perinatal Epidemiology,
26(s1), 205-222. doi:10.1111/j.1365-3016.2012.01282.x
Glopan. (2016). Food systems and diets: Facing the challenges of the 21st century.
Retrieved from London, UK:
https://www.glopan.org/sites/default/files/Downloads/Foresight%20Report.pdf
Government of Nepal. (2015). Nepal Earthquake 2015. Post Disaster Needs Assessment.
Vol. A: Key Findings. Retrieved from Kathmandu, Nepal:
https://www.worldbank.org/content/dam/Worldbank/document/SAR/nepal/PDNA
%20Volume%20A%20Final.pdf
Government of Nepal. (2020a). Nepal Disaster Risk Reduction Portal. Retrieved from
http://drrportal.gov.np/
Government of Nepal. (2020b). Nepal labour migration report. Retrieved from
Kathmandu, Nepal: https://moless.gov.np/wp-content/uploads/2020/03/MigrationReport-2020-English.pdf
Ha, T. T. T., Luoh, J. W., Sheu, A., Thuy, L. T., & Yang, R.-y. (2019). Vegetable
Diversity, Productivity, and Weekly Nutrient Supply from Improved Home
Gardens Managed by Ethnic Families - a Pilot Study in Northwest Vietnam. Food
Ethics, 4(1), 35-48. doi:10.1007/s41055-019-00045-5
Harris-Fry, H., Hearn, M., Pradhan, R., Krishnan, S., Nair, N., Rath, S., . . . Kadiyala, S.
(2020). How to design a complex behaviour change intervention: experiences
from a nutrition-sensitive agriculture trial in rural India. BMJ Global Health, 5(6),
e002384. doi:10.1136/bmjgh-2020-002384

141

Haselow, N. J., Stormer, A., & Pries, A. (2016). Evidence-based evolution of an
integrated nutrition-focused agriculture approach to address the underlying
determinants of stunting. Maternal & Child Nutrition, 12 Suppl 1(Suppl 1), 155168. doi:10.1111/mcn.12260
Headey, D., Chiu, A., & Kadiyala, S. (2012). Agriculture’s role in the Indian enigma:
help or hindrance to the crisis of undernutrition? Food Security, 4(1), 87-102.
doi:10.1007/s12571-011-0161-0
Headey, D. D., & Alderman, H. H. (2019). The Relative Caloric Prices of Healthy and
Unhealthy Foods Differ Systematically across Income Levels and Continents.
Journal of Nutrition, 149(11), 2020-2033. doi:10.1093/jn/nxz158
Hirvonen, K., Bai, Y., Headey, D., & Masters, W. A. (2020). Affordability of the EATLancet reference diet: a global analysis. Lancet Global Health, 8(1), e59-e66.
doi:10.1016/S2214-109X(19)30447-4
HKI. (2013). Homestead food production: Empowering Women and Feeding Families.
Retrieved from
https://www.hki.org/sites/default/files/attach/2014/11/HomesteadFoodProduction
_FactSheet_2013.pdf
HKI. (2018). Suaahara II: Good nutrition program, annual survey year one (2017).
Retrieved from Lalitpur, Nepal:
HLPE. (2014). Food losses and waste in the context of sustainable food systems. A report
by the High Level Panel of Experts on Food Security and Nutrition of the
Committee on World Food Security. Retrieved from Rome, Italy:
http://www.fao.org/3/a-i3901e.pdf

142

HLPE. (2017). Nutrition and food systems. A report by the High Level Panel of Experts
on Food Security and Nutrition of the Committee on World Food Security.
Retrieved from Rome, Italy: http://www.fao.org/3/a-i7846e.pdf
Hossain, F. B., Shawon, M. S. R., Al-Abid, M. S. U., Mahmood, S., Adhikary, G., &
Bulbul, M. M. I. (2020). Double burden of malnutrition in children aged 24 to 59
months by socioeconomic status in five South Asian countries: evidence from
demographic and health surveys. BMJ Open, 10(3), e032866.
doi:10.1136/bmjopen-2019-032866
Iannotti, L. L., Cunningham, K., & Ruel, M. T. (2009). Improving Diet Quality and
Micronutrient Nutrition: Homestead Food Production in Bangladesh. IFPRI
Discussion Paper 00928. Retrieved from Washington, DC:
https://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/24146/filename/241
47.pdf
IFPRI. (2011). Ensuring Food and Nutritional Security in Nepal: A Stocktaking Exercise.
Retrieved from Kathmandu, Nepal:
https://www.researchgate.net/publication/295682501_Ensuring_Food_and_Nutriti
onal_Security_in_Nepal_A_Stocktaking_Exercise
IFPRI. (2020). 2020 Global Food Policy Report: Building Inclusive Food Systems.
Retrieved from Washington, DC:
http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/133646/filename/133
857.pdf

143

International Food Policy Research Institute. (2020). 2020 Global Food Policy Report:
Building Inclusive Food Systems. Retrieved from Washington, DC:
https://doi.org/10.2499/9780896293670
Jodhka, S. (2018). Inequality, ethnicity and caste. In G. Antonelli & B. Rehbein (Eds.),
Inequality in Economics and Sociology: New Perspectives. New York, NY:
Routledge.
Joshi, G. B., & Chitekwe, S. (2019). A Road Map to Nepal’s Multi Sector Nutrition Plan
(MSNP) II 2018-2022. Retrieved from https://scalingupnutrition.org/wpcontent/uploads/2019/07/A-Road-Map-to-MSNP-II-in-Nepal.pdf
K. C., A., Thorne-Lyman, A. L., Manohar, S., Shrestha, B., Klemm, R., Adhikari, R. K., .
. . West, K. P. (2020). Preschool Child Nutritional Status in Nepal in 2016: A
National Profile and 40-Year Comparative Trend. Food and Nutrition Bulletin,
41(2), 152-166. doi:10.1177/0379572120916343
Kandel, N., & Lamichhane, J. (2019). Female health volunteers of Nepal: the backbone
of health care. The Lancet, 393(10171), e19-e20. doi:10.1016/S01406736(19)30207-7
Kennedy, A., Kadiyala, S., Daniel, R., Poole, N., & Olney, D. (2017). Homestead Food
Production and Child Anemia in Burkina Faso: The Mediating Roles of Mother’s
Knowledge and Production of Micronutrient-Rich Fruits and Vegetables. The
FASEB Journal, 31(1_supplement), 786.745-786.745.
doi:10.1096/fasebj.31.1_supplement.786.45
Khapayi, M., & Celliers, P. R. (2016). Factors limiting and preventing emerging farmers
to progress to commercial agricultural farming in the King William's Town area

144

of the Eastern Cape Province, South Africa. South African Journal of Agricultural
Extension, 44, 25-41.
Khatri, R. B., Mishra, S. R., & Khanal, V. (2017). Female Community Health Volunteers
in Community-Based Health Programs of Nepal: Future Perspective. Frontiers in
Public Health, 5(181). doi:10.3389/fpubh.2017.00181
Kiptot, E., & Franzel, S. (2015). Farmer-to-farmer extension: opportunities for enhancing
performance of volunteer farmer trainers in Kenya. Development and Practice,
25(4), 503-517. doi:10.1080/09614524.2015.1029438
Kjøllesdal, M., Htet, A. S., Stigum, H., Hla, N. Y., Hlaing, H. H., Khaine, E. K., . . .
Bjertness, E. (2016). Consumption of fruits and vegetables and associations with
risk factors for non-communicable diseases in the Yangon region of Myanmar: a
cross-sectional study. BMJ Open, 6(8), e011649-e011649. doi:10.1136/bmjopen2016-011649
Kok, M., Kane, S., Tulloch, O., Ormel, H., Theobald, S., Dieleman, M., & de Koning, K.
How does context influence performance of community health workers in lowand middle-income countries? Evidence from the literature. Health Research
Policy and Systems, 13(1), 13.
Kok, M. C., Broerse, J. E., Theobald, S., Ormel, H., Dieleman, M., & Taegtmeyer, M.
(2017). Performance of community health workers: situating their intermediary
position within complex adaptive health systems. Human Resources for Health,
15(1), 1-7.
Kok, M. C., Dieleman, M., Taegtmeyer, M., Broerse, J. E., Kane, S. S., Ormel, H., . . . De
Koning, K. A. (2015). Which intervention design factors influence performance

145

of community health workers in low-and middle-income countries? A systematic
review. Health Policy and Planning, 30(9), 1207-1227.
Kumar, A., Takeshima, H., Thapa, G., Adhikari, N., Saroj, S., Karkee, M., & Joshi, P. K.
(2020). Adoption and diffusion of improved technologies and production
practices in agriculture: Insights from a donor-led intervention in Nepal. Land Use
Policy, 95, 104621. doi:https://doi.org/10.1016/j.landusepol.2020.104621
Kumar, N., Harris, J., & Rawat, R. (2015). If They Grow It, Will They Eat and Grow?
Evidence from Zambia on Agricultural Diversity and Child Undernutrition. The
Journal of Development Studies, 51(8), 1060-1077.
doi:10.1080/00220388.2015.1018901
Kumar, N., Nguyen, P. H., Harris, J., Harvey, D., Rawat, R., & Ruel, M. T. (2018). What
it takes: evidence from a nutrition- and gender-sensitive agriculture intervention
in rural Zambia. Journal of Development Effectiveness, 10(3), 341-372.
doi:10.1080/19439342.2018.1478874
Laraia, B. A., Leak, T. M., Tester, J. M., & Leung, C. W. (2017). Biobehavioral Factors
That Shape Nutrition in Low-Income Populations: A Narrative Review. American
Journal of Preventive Medicine, 52(2, Supplement 2), S118-S126.
doi:https://doi.org/10.1016/j.amepre.2016.08.003
Lee, M. (2020). Engaging female community health volunteers in maternal health
services and its satisfaction among village mothers in Hill and Mountain Regions,
Nepal. AIMS Public Health, 7(4), 778-791. doi:10.3934/publichealth.2020060

146

Lehmann, U., & Sanders, D. (2007). Community health workers: what do we know about
them. Retrieved from
https://www.who.int/hrh/documents/community_health_workers.pdf
Li, Z., Kim, R., Vollmer, S., & Subramanian, S. V. (2020). Factors Associated With
Child Stunting, Wasting, and Underweight in 35 Low- and Middle-Income
Countries. JAMA Netw Open, 3(4), e203386-e203386.
doi:10.1001/jamanetworkopen.2020.3386
Loh, W.-Y. (2002). Regression tress with unbiased variable selection and interaction
detection. Statistica Sinica, 12(2), 361-386.
Lowder, S. K., Skoet, J., & Raney, T. (2016). The Number, Size, and Distribution of
Farms, Smallholder Farms, and Family Farms Worldwide. World Development,
87, 16-29. doi:https://doi.org/10.1016/j.worlddev.2015.10.041
Maharjan, A., Kochhar, I., Chitale, V. S., Hussain, A., & Gioli, G. (2020). Understanding
rural outmigration and agricultural land use change in the Gandaki Basin, Nepal.
Applied Geography, 124, 102278.
doi:https://doi.org/10.1016/j.apgeog.2020.102278
Malik, B. B. (2019). Poverty of Social Construction and Landlessness: Dignity for Dalits
in Eastern Uttar Pradesh. Contemporary Voice of Dalit, 2455328X18825957.
doi:10.1177/2455328X18825957
Marshak, A., Young, H., Radday, A., & Naumova, E. N. (2020). Sensitivity of Nutrition
Indicators to Measure the Impact of a Multi-Sectoral Intervention: CrossSectional, Household, and Individual Level Analysis. International Journal of

147

Environmental Research and Public Health, 17(9), 3121.
doi:https://doi.org/10.3390/ijerph17093121
Masset, E., Haddad, L., Cornelius, A., & Isaza-Castro, J. (2012). Effectiveness of
agricultural interventions that aim to improve nutritional status of children:
systematic review. BMJ, 344, d8222. doi:10.1136/bmj.d8222
Mateljan, G. (2020). The world's healthiest foods. Retrieved from
http://www.whfoods.com/genpage.php?tname=foodspice&dbid=22
Michaux, K. D., Hou, K., Karakochuk, C. D., Whitfield, K. C., Ly, S., Verbowski, V., . . .
Green, T. J. (2019). Effect of enhanced homestead food production on anaemia
among Cambodian women and children: A cluster randomized controlled trial.
Maternal & Child Nutrition, 15(S3), e12757. doi:10.1111/mcn.12757
Miller, V., Yusuf, S., Chow, C. K., Dehghan, M., Corsi, D. J., Lock, K., . . . Mente, A.
(2016a). Availability, affordability, and consumption of fruits and vegetables in
18 countries across income levels: findings from the Prospective Urban Rural
Epidemiology (PURE) study. The Lancet Global Health, 4(10), e695-e703.
doi:10.1016/S2214-109X(16)30186-3
Miller, V., Yusuf, S., Chow, C. K., Dehghan, M., Corsi, D. J., Lock, K., . . . Mente, A.
(2016b). Availability, affordability, and consumption of fruits and vegetables in
18 countries across income levels: findings from the Prospective Urban Rural
Epidemiology (PURE) study. Lancet Global Health, 4(10), e695-e703.
doi:https://doi.org/10.1016/S2214-109X(16)30186-3
Ministry of Agricultural Development. (2014). Agriculture Development Strategy (ADS),
2014. Retrieved from Kathmandu, Nepal:

148

Ministry of Agricultural Development. (2016). Nepal: Zero Hunger Challenge. National
Action Plan (2016-2025). Retrieved from Kathmandu, Nepal:
https://www.npc.gov.np/images/category/ZHC_NAP_(2016_-_2025).pdf
Ministry of Agriculture and Cooperatives. (2004). National Agriculture Policy-2004.
Retrieved from Kathmandu, Nepal: http://narc.gov.np/wpcontent/uploads/2018/01/final_agri_policy1.pdf
Ministry of Health, New ERA, & ICF. (2017). Nepal Demographic and Health Survey
2016. Retrieved from Kathmandu, Nepal:
https://dhsprogram.com/pubs/pdf/FR336/FR336.pdf
Ministry of Health and Population, New ERA, & ICF International. (2012). Nepal
Demographic and Health Survey 2011. Retrieved from Kathmandu, Nepal:
https://dhsprogram.com/pubs/pdf/FR257/FR257%5B13April2012%5D.pdf
Monteiro, C. A., Cannon, G., Moubarac, J. C., Levy, R. B., Louzada, M. L. C., & Jaime,
P. C. (2018). The UN Decade of Nutrition, the NOVA food classification and the
trouble with ultra-processing. Public Health Nutrition, 21(1), 5-17.
doi:10.1017/s1368980017000234
Monteiro, C. A., Moubarac, J. C., Cannon, G., Ng, S. W., & Popkin, B. (2013). Ultraprocessed products are becoming dominant in the global food system. Obesity
Reviews, 14 Suppl 2, 21-28. doi:10.1111/obr.12107
Mulmi, P., & Masters, W. A. (2017). Household food production is positively associated
with dietary diversity and intake of nutrient-dense foods for older preschool
children in poorer families: Results from a nationally-representative survey in
Nepal. 12(11), e0186765. doi:10.1371/journal.pone.0186765

149

Mulmi, P., Masters, W. A., Ghosh, S., Namirembe, G., Rajbhandary, R., Manohar, S., . . .
Webb, P. (2017). Household food production is positively associated with dietary
diversity and intake of nutrient-dense foods for older preschool children in poorer
families: Results from a nationally-representative survey in Nepal. PloS One,
12(11), e0186765. doi:10.1371/journal.pone.0186765
Murty, P. V. V. S., Rao, M. V., & Bamji, M. S. (2016). Impact of Enriching the Diet of
Women and Children Through Health and Nutrition Education, Introduction of
Homestead Gardens and Backyard Poultry in Rural India. Agricultural Research,
5(2), 210-217. doi:10.1007/s40003-016-0206-x
National Planning Commission. (2017). Multi-Sector Nutrition Plan: 2018–2022
Retrieved from Kathmandu, Nepal:
http://www.nnfsp.gov.np/PublicationFiles/b8aae359-15ea-40c4-aa13b1076efb251b.pdf
Nepal Agricultural Research Council. (2010). NARC’s Strategic Vision for Agricultural
Research (2011-2030): Meeting Nepal's Food and Nutrition Security Goals
through Agricultural Science & Technology. Retrieved from Lalitpur, Nepal:
Nepal Red Cross Society. (2019). Nepal: Monsoon floods and landslides. Retrieved from
Kathmandu, Nepal: https://www.ifrc.org/docs/Appeals/19/IBNPfl170719.pdf
Nguyen, P. H., Kim, S. S., Tran, L. M., Menon, P., & Frongillo, E. A. (2019).
Intervention Design Elements Are Associated with Frontline Health Workers’
Performance to Deliver Infant and Young Child Nutrition Services in Bangladesh
and Vietnam. Curr Dev Nutr, 3(8). doi:10.1093/cdn/nzz070

150

Nordhagen, S., & Klemm, R. (2018). Implementing small-scale poultry-for-nutrition
projects: Successes and lessons learned. Maternal & Child Nutrition, 14 Suppl
3(Suppl 3), e12676-e12676. doi:10.1111/mcn.12676
Nordhagen, S., Thiam, K., & Sow, S. (2019). The sustainability of a nutrition-sensitive
agriculture intervention: a case study from urban Senegal. Food Secur, 11(5),
1121-1134. doi:10.1007/s12571-019-00948-5
Ochieng, J., Afari-Sefa, V., Muthoni, F., Kansiime, M., Hoeschle-Zeledon, I., Bekunda,
M., & Thomas, D. (2021). Adoption of sustainable agricultural technologies for
vegetable production in rural Tanzania: trade-offs, complementarities and
diffusion. International Journal of Agricultural Sustainability, 1-19.
doi:10.1080/14735903.2021.1943235
Okuga, M., Kemigisa, M., Namutamba, S., Namazzi, G., & Waiswa, P. (2015). Engaging
community health workers in maternal and newborn care in eastern Uganda. Glob
Health Action, 8(1), 23968. doi:10.3402/gha.v8.23968
Olney, D. K., Bliznashka, L., Pedehombga, A., Dillon, A., Ruel, M. T., & Heckert, J.
(2016). A 2-Year Integrated Agriculture and Nutrition Program Targeted to
Mothers of Young Children in Burkina Faso Reduces Underweight among
Mothers and Increases Their Empowerment: A Cluster-Randomized Controlled
Trial. Journal of Nutrition, 146(5), 1109-1117. doi:10.3945/jn.115.224261
Olney, D. K., Pedehombga, A., Ruel, M. T., & Dillon, A. (2015). A 2-year integrated
agriculture and nutrition and health behavior change communication program
targeted to women in Burkina Faso reduces anemia, wasting, and diarrhea in

151

children 3-12.9 months of age at baseline: a cluster-randomized controlled trial.
Journal of Nutrition, 145(6), 1317-1324. doi:10.3945/jn.114.203539
Olney, D. K., Vicheka, S., Kro, M., Chakriya, C., Kroeun, H., Hoing, L. S., . . .
Roopnaraine, T. (2013). Using Program Impact Pathways to Understand and
Improve Program Delivery, Utilization, and Potential for Impact of Helen Keller
International's Homestead Food Production Program in Cambodia. Food and
Nutrition Bulletin, 34(2), 169-184. doi:10.1177/156482651303400206
Osei, A., Pandey, P., Nielsen, J., Pries, A., Spiro, D., Davis, D., . . . Haselow, N. (2016).
Combining Home Garden, Poultry, and Nutrition Education Program Targeted to
Families With Young Children Improved Anemia Among Children and Anemia
and Underweight Among Nonpregnant Women in Nepal. Food and Nutrition
Bulletin, 38(1), 49-64. doi:10.1177/0379572116676427
Osei, A., Pandey, P., Nielsen, J., Pries, A., Spiro, D., Davis, D., . . . Haselow, N. (2017).
Combining home garden, poultry, and nutrition education program targeted to
families with young children improved anemia among children and anemia and
underweight among nonpregnant women in Nepal. Food and Nutrition Bulletin,
38(1), 49-64.
Osei, A. K., Pandey, P., Spiro, D., Adhikari, D., Haselow, N., De Morais, C., & Davis, D.
(2015). Adding multiple micronutrient powders to a homestead food production
programme yields marginally significant benefit on anaemia reduction among
young children in Nepal. Maternal & Child Nutrition, 11(S4), 188-202.
doi:10.1111/mcn.12173

152

Pal, G. (2020). Caste and Consequences. CASTE/A Global Journal on Social Exclusion,
1(1), 95-100.
Panday, S., Bissell, P., Teijlingen, E. v., & Simkhada, P. (2019). Perceived barriers to
accessing Female Community Health Volunteers’ (FCHV) services among ethnic
minority women in Nepal: A qualitative study. PloS One, 14(6), e0217070.
doi:10.1371/journal.pone.0217070
Panday, S., Bissell, P., van Teijlingen, E., & Simkhada, P. (2017). The contribution of
female community health volunteers (FCHVs) to maternity care in Nepal: a
qualitative study. BMC Health Services Research, 17(1), 623.
doi:10.1186/s12913-017-2567-7
Pandey, V. L., Mahendra Dev, S., & Jayachandran, U. (2016). Impact of agricultural
interventions on the nutritional status in South Asia: A review. Food Policy, 62,
28-40. doi:https://doi.org/10.1016/j.foodpol.2016.05.002
Pelletier, D. L., Frongillo, E. A., Gervais, S., Hoey, L., Menon, P., Ngo, T., . . . Ahmed,
T. (2012). Nutrition agenda setting, policy formulation and implementation:
lessons from the Mainstreaming Nutrition Initiative. Health Policy and Planning,
27(1), 19-31. doi:10.1093/heapol/czr011
Perez-Escamilla, R., Bermudez, O., Buccini, G. S., Kumanyika, S., Lutter, C. K.,
Monsivais, P., & Victora, C. (2018). Nutrition disparities and the global burden of
malnutrition. BMJ (Clinical research ed.), 361, k2252-k2252.
doi:10.1136/bmj.k2252

153

Popkin, B. M., Adair, L. S., & Ng, S. W. (2012). Global nutrition transition and the
pandemic of obesity in developing countries. Nutrition Reviews, 70(1), 3-21.
doi:10.1111/j.1753-4887.2011.00456.x
Popkin, B. M., Corvalan, C., & Grummer-Strawn, L. M. (2020). Dynamics of the double
burden of malnutrition and the changing nutrition reality. The Lancet,
395(10217), 65-74. doi:10.1016/S0140-6736(19)32497-3
Pradhanang, U. B., Pradhanang, S. M., Sthapit, A., Krakauer, N. Y., Jha, A., &
Lakhankar, T. (2015). National Livestock Policy of Nepal: Needs and
Opportunities. Agriculture, 5(1), 103-131.
Prentice, A. M. (2018). The Double Burden of Malnutrition in Countries Passing through
the Economic Transition. Annals of Nutrition and Metabolism, 72(suppl 3)(3), 4754. doi:10.1159/000487383
Pym, R., & Alders, R. (2012). Introduction to Village and Backyard Poultry Production.
In V. Sandilands & P. Hocking (Eds.), Alternative Systems for Poultry: Health,
Welfare and Productivity (pp. 97).
Quisumbing, A. R., Ahmed, A., Gilligan, D. O., Hoddinott, J., Kumar, N., Leroy, J. L., . .
. Ruel, M. (2020). Randomized controlled trials of multi-sectoral programs:
Lessons from development research. World Development, 127, 104822.
doi:https://doi.org/10.1016/j.worlddev.2019.104822
Rahman, S. M., Ali, N. A., Jennings, L., Seraji, M. H. R., Mannan, I., Shah, R., . . .
Winch, P. J. (2010). Factors affecting recruitment and retention of community
health workers in a newborn care intervention in Bangladesh. Hum Resour
Health, 8(1), 12. doi:10.1186/1478-4491-8-12

154

Rashid, S., Ahmed, A., & Rana, A. W. (2020). Regional developments: South Asia 2020
Global Food Policy Report: Building Inclusive Food Systems (pp. 77-80).
Washington, DC: International Food Policy Research Institute.
Reidsma, P., & Ewert, F. (2008). Regional Farm Diversity Can Reduce Vulnerability of
Food Production to Climate Change. Ecology and Society, 13(1).
Reinhardt, K., & Fanzo, J. (2014). Addressing Chronic Malnutrition through MultiSectoral, Sustainable Approaches: A Review of the Causes and Consequences.
Frontiers in nutrition, 1, 13-13. doi:10.3389/fnut.2014.00013
Ricciardi, V., Ramankutty, N., Mehrabi, Z., Jarvis, L., & Chookolingo, B. (2018). How
much of the world's food do smallholders produce? Global Food Security, 17, 6472. doi:https://doi.org/10.1016/j.gfs.2018.05.002
Rivera-Ferre, M. G. (2008). The future of agriculture. Agricultural knowledge for
economically, socially and environmentally sustainable development. EMBO
reports, 9(11), 1061-1066. doi:10.1038/embor.2008.196
Rowe, A. K., De Savigny, D., Lanata, C. F., & Victora, C. G. (2005). How can we
achieve and maintain high-quality performance of health workers in low-resource
settings? Lancet, 366(9490), 1026-1035.
Ruel, M. T., & Alderman, H. (2013). Nutrition-sensitive interventions and programmes:
how can they help to accelerate progress in improving maternal and child
nutrition? Lancet, 382(9891), 536-551.
Ruel, M. T., Quisumbing, A. R., & Balagamwala, M. (2018). Nutrition-sensitive
agriculture: What have we learned so far? Glob Food Sec, 17, 128-153.
doi:https://doi.org/10.1016/j.gfs.2018.01.002

155

Schaaf, M., Warthin, C., Freedman, L., & Topp, S. M. (2020). The community health
worker as service extender, cultural broker and social change agent: a critical
interpretive synthesis of roles, intent and accountability. BMJ Glob Health, 5(6),
e002296. doi:10.1136/bmjgh-2020-002296
Schreinemachers, P., Baliki, G., Shrestha, R. M., Bhattarai, D. R., Gautam, I. P., Ghimire,
P. L., . . . Brück, T. (2020). Nudging children toward healthier food choices: An
experiment combining school and home gardens. Glob Food Sec, 26, 100454.
doi:https://doi.org/10.1016/j.gfs.2020.100454
Schreinemachers, P., Bhattarai, D. R., Subedi, G. D., Acharya, T. P., Chen, H.-p., Yang,
R.-y., . . . Mecozzi, M. (2017). Impact of school gardens in Nepal: a cluster
randomised controlled trial. J Dev Eff, 9(3), 329-343.
doi:10.1080/19439342.2017.1311356
Schreinemachers, P., Patalagsa, M. A., Islam, M. R., Uddin, M. N., Ahmad, S., Biswas,
S. C., . . . Takagi, C. (2015a). The effect of women’s home gardens on vegetable
production and consumption in Bangladesh. Food Secur, 7(1), 97-107.
doi:10.1007/s12571-014-0408-7
Schreinemachers, P., Patalagsa, M. A., Islam, M. R., Uddin, M. N., Ahmad, S., Biswas,
S. C., . . . Takagi, C. (2015b). The effect of women’s home gardens on vegetable
production and consumption in Bangladesh. Food Security, 7(1), 97-107.
doi:10.1007/s12571-014-0408-7
Schreinemachers, P., Patalagsa, M. A., & Uddin, N. (2016a). Impact and costeffectiveness of women's training in home gardening and nutrition in Bangladesh.
J Dev Eff, 8(4), 473-488.

156

Schreinemachers, P., Patalagsa, M. A., & Uddin, N. (2016b). Impact and costeffectiveness of women's training in home gardening and nutrition in Bangladesh.
Journal of Development Effectiveness, 8(4), 473-488.
doi:10.1080/19439342.2016.1231704
Schreinemachers, P., Shrestha, R. M., Gole, B., Bhattarai, D. R., Ghimire, P. L., Subedi,
B. P., . . . Blake, C. E. (2021). Drivers of Food Choice among Children and
Caregivers in Post-earthquake Nepal. Ecology of Food and Nutrition, 1-21.
doi:10.1080/03670244.2021.1969925
Shimali, F., Najjingo Mangheni, M., & Kabahenda, M. (2021). Nutrition education
competencies of agricultural extension workers in Uganda. J Agric Educ Ext, 118. doi:10.1080/1389224X.2021.1880451
Singh, S., Nourozi, S., Acharya, L., & Thapa, S. (2020). Estimating the potential effects
of COVID-19 pandemic on food commodity prices and nutrition security in
Nepal. Journal of nutritional science, 9, e51-e51. doi:10.1017/jns.2020.43
Slavin, J. L., & Lloyd, B. (2012). Health benefits of fruits and vegetables. Advances in
nutrition (Bethesda, Md.), 3(4), 506-516. doi:10.3945/an.112.002154
Sova, C., & Chaudhury, A. (2013). State of agricultural climate change adaptation policy
in Nepal. Working Paper No. 44. Retrieved from Copenhagen, Denmark:
Ssennoga, F., Mugurusi, G., & Oluka, P. N. (2019). Food insecurity as a supply chain
problem. Evidence and lessons from the production and supply of bananas in
Uganda. Sci Afr, 3, e00076. doi:https://doi.org/10.1016/j.sciaf.2019.e00076
Talukder, A., Haselow, N., Osei, A., Villate, E., Reario, D., Kroeun, H., . . . Quinn, V.
(2010). Homestead food production model contributes to improved household

157

food security and nutrition status of young children and women in poor
populations: lessons learned from scaling-up programs in Asia (Bangladesh,
Cambodia, Nepal and Philippines). Field Actions Sci Rep(Supp 1).
Talukder, A., Kiess, L., Huq, N., de Pee, S., Darnton-Hill, I., & Bloem, M. W. (2000).
Increasing the production and consumption of vitamin A–rich fruits and
vegetables: Lessons learned in taking the Bangladesh homestead gardening
programme to a national scale. Food and Nutrition Bulletin, 21(2), 165-172.
doi:10.1177/156482650002100210
Tamrakar, D., Shrestha, A., Rai, A., Karmacharya, B. M., Malik, V., Mattei, J., &
Spiegelman, D. (2020). Drivers of healthy eating in a workplace in Nepal: a
qualitative study. BMJ Open, 10(2), e031404. doi:10.1136/bmjopen-2019-031404
Thamilini, J., Wekumbura, C., Mohotti, A. J., Kumara, A. P., Kudagammana, S. T.,
Silva, K. D. R. R., & Frossard, E. (2019). Organized Homegardens Contribute to
Micronutrient Intakes and Dietary Diversity of Rural Households in Sri Lanka.
Frontiers in Sustainable Food Systems, 3(94). doi:10.3389/fsufs.2019.00094
The Himalayan Times. (2017). New local level structure comes into effect from today.
The Himalayan Times. Retrieved from https://thehimalayantimes.com/nepal/newlocal-level-structure-comes-effect-today
Troesch, B., Biesalski, H. K., Bos, R., Buskens, E., Calder, P. C., Saris, W. H. M., . . .
Eggersdorfer, M. (2015). Increased Intake of Foods with High Nutrient Density
Can Help to Break the Intergenerational Cycle of Malnutrition and Obesity.
Nutrients, 7(7), 6016-6037. doi:10.3390/nu7075266

158

Turner, C., Aggarwal, A., Walls, H., Herforth, A., Drewnowski, A., Coates, J., . . .
Kadiyala, S. (2018a). Concepts and critical perspectives for food environment
research: A global framework with implications for action in low- and middleincome countries. Glob Food Sec, 18, 93-101.
doi:https://doi.org/10.1016/j.gfs.2018.08.003
Turner, C., Aggarwal, A., Walls, H., Herforth, A., Drewnowski, A., Coates, J., . . .
Kadiyala, S. (2018b). Concepts and critical perspectives for food environment
research: A global framework with implications for action in low- and middleincome countries. Global Food Security, 18, 93-101.
doi:https://doi.org/10.1016/j.gfs.2018.08.003
Tzioumis, E., Kay, M. C., Bentley, M. E., & Adair, L. S. (2016). Prevalence and trends in
the childhood dual burden of malnutrition in low- and middle-income countries,
1990-2012. Public Health Nutrition, 19(8), 1375-1388.
doi:10.1017/s1368980016000276
Uddin, K., Shrestha, H. L., Murthy, M. S. R., Bajracharya, B., Shrestha, B., Gilani, H., . .
. Dangol, B. (2015). Development of 2010 national land cover database for the
Nepal. Journal of Environmental Management, 148, 82-90.
doi:https://doi.org/10.1016/j.jenvman.2014.07.047
Uddin, R., Lee, E.-Y., Khan, S. R., Tremblay, M. S., & Khan, A. (2020). Clustering of
lifestyle risk factors for non-communicable diseases in 304,779 adolescents from
89 countries: A global perspective. Preventive Medicine, 131, 105955.
doi:https://doi.org/10.1016/j.ypmed.2019.105955

159

UNICEF. (2019). The State of the World’s Children 2019. Children, Food and Nutrition:
Growing well in a changing world. Retrieved from New York, NY:
https://www.unicef.org/sites/default/files/2019-12/SOWC-2019.pdf
United Nations. Zero Hunger Challenge. Retrieved from
https://www.un.org/zerohunger/content/pathways-zerohunger#:~:text=The%20Zero%20Hunger%20Challenge%20was,inclusive%20and
%20sustainable%20food%20systems.
United Nations. (2015). Transforming our world: the 2030 Agenda for Sustainable
Development Retrieved from New York, NY:
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda
%20for%20Sustainable%20Development%20web.pdf
United States Agency for International Development. (2015). SUAAHARA, AID‐367‐A‐
11‐00004. Process evaluation: results from frontline worker and household
surveys. Retrieved from Washington D.C:
https://pdf.usaid.gov/pdf_docs/PA00KWXG.pdf
UNSCN. (2013). Country Policy Analysis. Nutrition Impact of Agriculture and Food
Systems Retrieved from
https://www.unscn.org/files/Publications/Country_Case_Studies/UNSCNcountry-case-study-Nepal-FINAL.pdf
USAID. (2010). Food utilization practices, beliefs and taboos in Nepal. An overview.
Retrieved from Washington DC: https://pdf.usaid.gov/pdf_docs/pnaeb772.pdf

160

van Zonneveld, M., Turmel, M.-S., & Hellin, J. (2020). Decision-Making to Diversify
Farm Systems for Climate Change Adaptation. Frontiers in Sustainable Food
Systems, 4(32). doi:10.3389/fsufs.2020.00032
Verbowski, V., Talukder, Z., Hou, K., Sok Hoing, L., Michaux, K., Anderson, V., . . .
Barr, S. I. (2018). Effect of enhanced homestead food production and aquaculture
on dietary intakes of women and children in rural Cambodia: A cluster
randomized controlled trial. Maternal & Child Nutrition, 14(3), e12581.
doi:10.1111/mcn.12581
Webb, P., & Kennedy, E. (2014). Impacts of agriculture on nutrition: nature of the
evidence and research gaps. Food and Nutrition Bulletin, 35(1), 126-132.
doi:https://doi.org/10.1177/156482651403500113
Westholm, L., & Ostwald, M. (2020). Food production and gender relations in
multifunctional landscapes: a literature review. Agroforestry Systems, 94(2), 359374. doi:10.1007/s10457-019-00397-1
Whitney, C. W., Luedeling, E., Tabuti, J. R. S., Nyamukuru, A., Hensel, O., Gebauer, J.,
& Kehlenbeck, K. (2018). Crop diversity in homegardens of southwest Uganda
and its importance for rural livelihoods. Agriculture and Human Values, 35(2),
399-424. doi:10.1007/s10460-017-9835-3
WHO. (2007). Indicators for assessing infant and young child feeding practices:
conclusions of a consensus meeting held 6–8 November 2007 in Washington D.C.,
USA. Retrieved from Geneva, Switzerland:
https://apps.who.int/iris/bitstream/handle/10665/43895/9789241596664_eng.pdf?
sequence=1

161

WHO. (2010). Nutrition Landscape Information System (NLIS) country profile
indicators: interpretation guide. Retrieved from Geneva:
https://www.who.int/nutrition/nlis_interpretation_guide.pdf
WHO. (2011). Hemoglobin concentrations for the diagnosis of anaemia and assessment
of severity. Vitamin and Mineral Nutrition Information System. Retrieved from
Geneva:
https://apps.who.int/iris/bitstream/handle/10665/85839/WHO_NMH_NHD_MN
M_11.1_eng.pdf?sequence=22&isAllowed=y
WHO. (2018). Noncommunicable diseases country profiles 2018. Retrieved from
Geneva:
Willett, W., Rockstrom, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S., . . .
Murray, C. J. L. (2019). Food in the Anthropocene: the EAT-Lancet Commission
on healthy diets from sustainable food systems. Lancet, 393(10170), 447-492.
doi:10.1016/s0140-6736(18)31788-4
Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., Vermeulen, S., . . .
Murray, C. J. L. (2019). Food in the Anthropocene: the EAT-Lancet Commission
on healthy diets from sustainable food systems. Lancet, 393(10170), 447-492.
doi:10.1016/S0140-6736(18)31788-4
Williams, R. (2006). Generalized ordered logit/partial proportional odds models for
ordinal dependent variables. Stata J, 6(1), 58-82.
Williams, R. (2016). Understanding and interpreting generalized ordered logit models. J
Math Sociol, 40(1), 7-20. doi:10.1080/0022250X.2015.1112384

162

Wong, J. T., de Bruyn, J., Bagnol, B., Grieve, H., Li, M., Pym, R., & Alders, R. G.
(2017). Small-scale poultry and food security in resource-poor settings: A review.
Global Food Security, 15, 43-52. doi:https://doi.org/10.1016/j.gfs.2017.04.003
World Bank. (2013). Improving Nutrition Through Multisectoral Approaches. Retrieved
from Washington, DC:
http://documents.worldbank.org/curated/en/625661468329649726/pdf/75102REVISED-PUBLIC-MultisectoralApproachestoNutrition.pdf
World Bank. (2015). Purchasing Power Parities and the Real Size of World Economies.
A Comprehensive Report of the 2011 International Comparison Program.
Retrieved from Washington, DC:
http://siteresources.worldbank.org/ICPEXT/Resources/2011-ICP-GlobalReport.pdf
Zhou, B., Bentham, J., Di Cesare, M., Bixby, H., Danaei, G., Cowan, M. J., . . . Zuñiga
Cisneros, J. (2017). Worldwide trends in blood pressure from 1975 to 2015: a
pooled analysis of 1479 population-based measurement studies with 19.1 million
participants. Lancet, 389(10064), 37-55. doi:10.1016/S0140-6736(16)31919-5
Zhou, B., Lu, Y., Hajifathalian, K., Bentham, J., Di Cesare, M., Danaei, G., . . . Zuñiga
Cisneros, J. (2016). Worldwide trends in diabetes since 1980: a pooled analysis of
751 population-based studies with 4.4 million participants. Lancet, 387(10027),
1513-1530. doi:10.1016/S0140-6736(16)00618-8

163

